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‘Hierarchies and continua (of organisms) are, to be sure, mental constructs that we 
invented to aid our miserable inadequate intellects in a complex world- but we use them 
to grope for truths about reality’ 





‘(The fast currents off Hachijo-jima) flow from the southeast or west-southwest to east. 
The two currents are quite fast, and sound like a waterfall. People in Hachijo-jima called 
the currents Kuroshio, or Yamashio, and are afraid of them, as a ship can be driven tens 
of miles off course if it enters the currents.’ 
-The first description of the Kuroshio Current system by Varenius, 1650,  
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ABSTRACT 
NEOGENE HISTORY OF THE KUROSHIO CURRENT EXTENSION AND 
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Directed by: Professor R. Mark Leckie 
 
There are outstanding questions as to how important currents are to dispersal, 
especially for the evolution of planktic foraminifera. During the Neogene Period there 
were significant increases in the diversity of planktic foraminifera that occurred during 
major tectonic gateway closures, episodes of warming and cooling, and reorganization 
and development of ocean gyres and currents. Relatedly, the behavior of some currents, 
namely western boundary currents, remains unknown through these times of global 
tectonic and climate events. This dissertation addresses outstanding questions related to 
how the Kuroshio Current Extension, the western boundary current of the northwest 
Pacific, responded to major tectonic and climate shifts, how the spin-up of currents 
contributed to plankton evolution, and how plankton species obtained a global presence 
during the Neogene Period. Chapters 1 and 2 lay the groundwork for understanding 
plankton evolutionary processes in the Kuroshio Current Extension (KCE) and northwest 
Pacific. Zonation schemes used in the northwest Pacific are modified from those 
developed for the southwest Pacific, as the northwest Pacific sites have a strong presence 
of subtropical species that allows for the addition of biozones. Chapter 3 uses 
geochemistry to reconstruct the behavior of the Kuroshio Current Extension through the 
x 
Pliocene to earliest Pleistocene (5-2.5 million years ago). The data indicate the KCE was 
a very dynamic current throughout the study interval, which was sensitive to major 
tectonic, climate, and oceanographic events. Chapter 4 is a major paleobiogeographic 
study using the planktic foraminiferal genus Globoconella. I found that long-distance 
dispersal in the Pacific occurred during a major pulse of East Antarctic Ice Sheet growth 
(~14-11 Ma) during which upwelling intensified and equatorial thermoclines cooled. 
Plankton utilized these upwelling zones and cool-water thermocline regions to disperse 
across tropical waters, thus attaining global distributions. This is the first study to 
characterize this means of dispersal for the planktic foraminifera. 
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two records record opposite temperature trends and are in disagreement………..232 
 
Figure 3.6 Paleoceanographic datasets plotted against the new geochemical records from the 
Kuroshio Current Extension region. Major tectonic and climate events are 
highlighted with bars and colored boxes and labeled. A) Eolian mass accumulation 
rate (cm per year) and median grain size in the North Atlantic (ODP Site 885; Rea 
et al., 1998). Three major increases in aridity are noted by the arrows, and one 
major increase in Westerlies strength. B) Two-point average stable isotopic 
measurements (δ18O) from Shatsky Rise Hole 1207A (blue), Hole 1208A (green), 
and Hole 1209A (pink). The mid-Pliocene intervals mP1 and mP2 are bracketed 
and denoted, with major warming and cooling intervals indicated with arrows. C) 
Mg/Ca-derived sea surface temperature data for DSDP Site 292 (Sato et al., 2008), 
with arrows indicating two major steps in WPWP expansion. D) δ18O record from 
Site 806 in the Western Pacific Warm Pool region (Wara et al., 2005), with arrows 
indicating times of cooling and warming. E) Five-point average equatorial Pacific 
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Ravelo, 1997) plotted with the Caribbean Hole 999A δ18O data (Haug et al., 2001). 
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(MTWM) for Lake El’gygytgyn in northeast Siberia (Brigham-Grette et al., 2013). 
B) ODP Site 882 temperatures (Haug et al., 2005), with the arrow marking a major 
decrease in SSTs. C) Two-point average stable isotopic measurements (δ18O) from 
Shatsky Rise Hole 1207A (blue), Hole 1208A (green; from Venti and Billups, 
2013), and Hole 1209A (pink). Arrows indicate times of cooling and subsequent 
warming associated with cooling at Site 882. Dashed lines indicate the modeled 
mean modern-day δ18O values for Hole 1208A (green) and Hole 1207A (blue). D) 
The global benthic foraminiferal δ18O stack from Lisiecki and Raymo (2005) with 




Figure 3.8 Simplified models of KCE behavior depicting KCE behavior during eight major 
shifts of the current as interpreted from the δ18O data. The yellow bands represent 
the main axis of the KCE, with blue representing cooler waters brought south by the 
Oyashio Current, and red and orange colors representing warm, subtropical waters 
brought northward by the Kuroshio Current. Times of northward displacement 
include 4.4-~4.2 Ma, ~4.12-~3.7 Ma, and ~3.58 Ma. Times of southward 
displacement include ~4.2-~4.12 Ma and ~3.58-~3.38 Ma. Modern map created 
using Ocean Data View (Schlitzer, 2018) with sea surface temperature data from 
the World Ocean Atlas (Locarnini et al., 2013); modern sea surface temperatures 
same as in Figure 3.1……………………………………………………………..247 
 
Figure 4.1 Modern sea surface temperature map showing the locations of DSDP and ODP 
sites and holes used in this study to interpret Neogene dispersal patterns of the 
planktic foraminiferal genus Globoconella. Map made using Ocean Data View 
(Schlitzer, 2018) with temperature data from Locarnini et al. (2013)……………256 
 
Figure 4.2 First occurrences of Globoconella species plotted by latitude of the site and age 
(millions of years ago). A) Globorotalia zealandia; B) Globorotalia praescitula; C) 
Globoconella miozea; D) Globoconella miotumida; E) Globoconella conomiozea; 
F) Globoconella sphericomiozea; G) Globoconella puncticulata; and H) 
Globoconella inflata. Colored shapes indicate the midpoint age, whereas the 
vertical lines off each point indicate the associated age error. Points without error 
indicate an unobserved true first appearance datum (in which the shape will be 
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(millions of years ago). A) Globorotalia zealandica; B) Globorotalia praescitula; 
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Figure 4.4 Phylogenetic hypotheses constructed for the Globoconella genus based on 
stratigraphic relationships among species and first and last occurrence dates from 
this study along with major climate, tectonic, and paleoceanographic events of the 
Neogene. The first occurrence of Gr. zealandica at southwest Pacific Hole 590B 
was not included in the range of this species. The first occurrence for Gr. 
praescitula at Tangakaka Stream, New Zealand, is represented by the midpoint of 
its occurrence at this location (19.28 Ma) (Figure 2, Appendix J). Horizontal bars 
and labels indicate major events that may have influenced speciation, dispersal, and 
extinction events within the genus. Dashed lines on right side indicate major times 
of oceanic front and gyre formation within the Pacific Ocean (inferred from Nelson 
and Cooke, 2001, and Kennett et al., 1985). Global benthic foraminiferal δ18O‰ 
stack from Zachos et al. (2001)…………………………………………………...278 
 
Figure 4.5 Evolution and extinction events of Gc. inflata and Gc. puncticulata, respectively, 
plotted against glacial and interglacial cycles of the latest Pliocene to Quaternary. 
Evolution and extinction events seem to occur equally during glacial and 
interglacial periods, indicating that warming and cooling cycles had no large effect 
on the timing of evolution or extinction events within the globoconellids. Benthic 
foraminiferal δ18O stack from Lisiecki and Raymo (2005)………………………287  
 
Figure 4.6 Dispersal paths of Globorotalia zealandica (A), Globorotalia praescitula (B), 
Globoconella miozea (C), Globoconella miotumida (D), and Globoconella 
conomiozea (E) against a map showing modern annual average sea surface 
temperatures (Locarnini et al., 2013) and major ocean currents. The times 
(midpoints, in millions of years, Ma) at which each species appears at each site is 
indicated. Times with an asterisk indicate unobserved first occurrences, and 
therefore should be viewed with caution. The heavy gray line in B indicates a 
possible dispersal route that cannot be confirmed due to an unobserved true first 
occurrence datum for Site 959 (Fig. 4.2), and in D indicates an alternative route 
through the open CAS. Evidence within the dataset of planktic foraminifera using 
upwelling and deep, cool thermocline waters as stepping stones to dispersal is 
apparent in the paths from (B) Hole 572D in the eastern equatorial Pacific to Hole 
806B with subsequent dispersal into the North Pacific, and in (C) from dispersal in 
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Ocean currents, namely western boundary currents, are prominent features of 
modern ocean circulation. Western boundary currents (WBCs) flow along the western 
edge of all major ocean basins and are wind-driven currents (Fig. I.1). There are two 
main types of WBCs: subtropical and subpolar. Subtropical WBCs, which are the focus 
of this dissertation, transport heat and moisture to higher latitudes from the tropics, as 
part of subtropical gyre systems. Subpolar WBCs are part of subpolar gyre systems and 
bring cooler water masses equatorward. Where subpolar and subtropical WBCs meet, 
they create an ecotone (Fig. I.2). Ecotones are associated with steep gradients in physical 
environmental processes that directly affect the distribution of organisms (Gosz, 1992). 
At broad spatial scales, they are correlated with increased biodiversity due to the 
(seasonal) mixing of biogeographic ranges of many species corresponding with the edges 
of their adjacent biomes in which species from two (or more) regions are found within 
the transitional region of the ecotone (Risser, 1995). In the marine realm, ecotones occur 
in regions with large gradients in physical properties, such as temperature, salinity, 
stratification, and seasonal productivity, and are often referred to as transitional water 
masses. One of the most prominent WBCs and ecotones in the ocean today is the 
Kuroshio Current and the Kuroshio Current Extension (KCE) (Figs. I.1, I.2).  
The Kuroshio Current and KCE are part of the North Pacific Subtropical Gyre 
(Fig. I.1), which transports heat and moisture from the equatorial Pacific to the mid-
latitudes. The Kuroshio Current sources its warm waters from the North Equatorial 
Current, with an estimated volume transport of 23.7-25.0 Sverdrups (1 Sv=1,000,000 




separates from the Japanese coast at approximately 36°N, 141°E. Here, the Kuroshio 
Current becomes the Kuroshio Current Extension, flowing eastward into the Pacific 
Ocean. Transport within the KCE can reach as much as 130 Sv (Wijffels et al., 1998). 
 
Figure I.1 Pacific Ocean mean average sea surface temperature map with major ocean 
gyres and currents labeled and named. The locations of the three deep-sea sediment cores 
(Ocean Drilling Program Holes 1207A, 1208A, and 1209A) utilized in all four chapters 
of this dissertation are denoted by the gray circles across the Kuroshio Current Extension. 
Line A-A’ refers to the cross section in Figure I.2. CAS, Central American Seaway. Map 
made using Ocean Data View (Schlitzer, 2018) with surface temperature data from the 
World Ocean Atlas (Locarnini et al., 2013).   
 
Changes in the KCE (e.g., latitudinal shifts, increased or decreased transport 
capacity) have the power to modify the stability and pressure gradients within local 
atmospheric layers as well as basin-scale wind-stress patterns (Frankignoul and 
Sennechael, 2007; Kwon et al., 2010). Thus, the KCE can alter the atmospheric processes 
and affect precipitation patterns over Japan and the west coast of North America (Latif 
and Barnett, 1994). Increased transport and heating within the KCE can also affect storm 




The KCE is also important biologically, as it has a very sharp and clearly defined ecotone 
created by the mixing of subtropical waters and subpolar waters brought south by the 
Oyashio Current, the WBC as part of the North Pacific Subpolar Gyre (Fig. I.1). These 
differences in water masses across the KCE create biogeographic provinces of marine 
organisms, including fish, corals, and planktic foraminifera (Bradshaw, 1959; Norris, 
2000; Eguchi et al., 2003), creating a rich ecosystem of organisms (Fig. I.2). In fact, the 
world’s highest marine diversity is found in the KCE region today (Tittensor et al., 2010). 
This may be in part because corals occur here at their highest latitude in the world ocean 
(Veron and Michin, 1992; Yamano et al., 2001), and these reefs support a wide variety of 
fish species. Importantly, the KCE is also used as a dispersal corridor for fish species that 
has led to evolution within some lineages. For example, the Blacktip Grouper was found 
to speciate in response to ancient fluctuations in the Kuroshio Current, with three cryptic 
intraspecific lineages today associated with different regions along the current’s path 
(Kuriiwa et al., 2014). Because of the high diversity of life within the KCE region, this 
area is especially important to Japan’s fishing industry, which is a very important aspect 





Figure I.2 Vertical cross section of the Kuroshio Current Extension (KCE), showing the 
distribution of select modern planktic foraminiferal species and species richness across 
the frontal boundary. The locations and latitudes of the three ODP holes utilized in this 
study are denoted by the upside-down triangles. Tropical species are denoted by red 
boxes, subtropical by orange, temperate by green, and subpolar by blue. The axis of the 
KCE is denoted by the red box. The location of the cross section is denoted in Figure I.1. 
Figure modified from Bradshaw (1959). 
 
 
If the KCE is home to a high diversity of organisms today, was it like this in the 
geologic past, and how did the ancient KCE influence dispersal and speciation processes? 
Today, the KCE is shifting northward and experiencing warming under anthropogenic 
climate change (Wu et al., 2012). The effects of this warming on marine life within the 




may be affected by increased global warming is to investigate the current’s behavior and 
biodiversity during warm periods of the geologic past. Because vertebrate fossils are rare 
and preserved poorly in deep marine settings, fossil plankton, such as planktic 
foraminifera, offer an ideal means by which to investigate dispersal and speciation 
dynamics within the KCE during critical warming and cooling times in Earth’s history.  
Planktic foraminifera are single-celled protists that produce a calcium-carbonate 
shell, or test, and live in the upper ~200 m of open marine waters. Different species are 
stratified at different depths in the upper water column, and several have specific 
temperature tolerances (Fig. I.2). They have an unprecedented fossil record that extends 
back ~170 million years, as their tests collect on the seafloor from equatorial to polar 
waters through time (Vincent and Berger, 1971). For all these reasons, planktic 
foraminifera are excellent candidates for high-resolution evolutionary studies (e.g., Wei 
and Kennett, 1986, 1988; Wei, 1994; Aze et al., 2011; Fraass et al., 2015), reconstructing  
past ocean states across major climate and ocean perturbations (e.g., Kennett et al., 1985; 
Malmgren and Berggren, 1987; Kaiho and Lamolda, 1999; Pak and Kennett, 2002; 
Crouch et al., 2003; Kucera and Schoenfeld, 2007; Nathan and Leckie, 2009) and insights 
into the drivers of marine plankton evolution (e.g., Malmgren et al., 1983; Norris et al., 
1994; Norris, 2000; Kucera and Darling, 2002). 
The planktic foraminifera experienced several periods in Earth’s history when 
their number of species increased greatly: during the Cretaceous, Paleogene, and 
Neogene (Fig. I.3; Fraass et al., 2015). Concurrent with the Neogene radiations were 
major ocean circulation reorganizations as the ocean basins began to come into their 




likely also came into its modern configuration (Kennett et al., 1985), but how or what 
factors caused this are speculative and largely still unknown.  
 
Figure I.3 Climate events and plankton evolution of the Neogene to Quaternary periods 
that are the main focus of this dissertation research. Warm periods are indicated by the 
vertical red boxes, cool periods by the blue boxes, and tectonic events by the horizontal 
and vertical brown boxes. Benthic foraminiferal δ18O stack is a 5-point average from 
Zachos et al. (2001). Planktic foraminiferal diversity at the genus and species levels from 
Fraass et al. (2015).  
 
During the Neogene Period (23.03-2.58 Ma), several tectonic, climate, and 
oceanographic events took place that shaped modern ocean circulation, including the 
KCE, into what they are today. This dissertation and research mainly focus on five of 
these events (Fig. I.3): Miocene Climatic Optimum (MCO), mid Miocene Climate 
Transition (MMCT), closure of the Central American Seaway (CAS), the mid-Pliocene 
Warm Period (mPWP), and the initiation of Northern Hemisphere Glaciation (NHG). The 
Miocene Climatic Optimum (~17-14.7 Ma) was a major phase of warming during a 
background of longer-term global cooling. During this time, global mean temperature 
values were ~3-8°C warmer than pre-industrial (You et al., 2009; Pound et al., 2012) with 




et al., 2012; Zhang et al., 2013). Shortly after the MCO, a major pulse of Antarctic ice 
growth and global cooling occurred from 14.2-13.8 Ma termed the Mid-Miocene Climate 
Transition (MMCT). Geochemical data indicate that the southwest Pacific Ocean cooled 
by 6-7°C during this time (Shevenell et al., 2004), with subsequent ocean circulation 
changes such as increased equatorial upwelling and cooling thermoclines (Gasperi and 
Kennett, 1993; Holbourn et al., 2014).  
The closure of the Central American Seaway (Fig. I.1), an oceanic gateway 
between North and South American, began during the Miocene with a long and 
protracted closure history (Fig. I.3; Schmidt, 2007; Molnar, 2008; Montes et al., 2015). 
With decreasing surface-water exchange between the Atlantic and Pacific Oceans, 
closure reached a critical threshold by ~4.8-4 Ma (Haug and Tiedemann, 1998; Steph et 
al., 2006; Steph et al., 2010), with complete closure occurring by 3.8-2.5 Ma (Keigwin, 
1982; Haug et al., 2001). During CAS closure, the Earth went through a warming phase 
from 3.2-2.9 Ma, where atmospheric carbon dioxide (CO2) levels increased to ~350-450 
parts per million and global mean temperatures were 2-3°C warmer than pre-industrial 
values (Raymo et al., 1996; Pagani et al., 2010; Seki et al., 2010; Bartoli et al., 2011; 
Badger et al., 2013; Martinez-Boti et al., 2015). The mPWP interval has been 
investigated in detail previously due to its similarities to projected CO2 scenarios for the 
near future; however, there remains a dearth of information from the northwest Pacific 
mid-latitude regions as to how the KCE responded to increased warming during this time. 
Lastly, the Northern Hemisphere began to experience increased ice growth at 2.7 Ma, 
around the transition between the Neogene and Quaternary periods (Jansen et al., 2000; 




global drop in relative sea level on the order of ~30 meters (Evans et al., 2016) and 
increased the equator to pole temperature gradients. 
I.1 Hypotheses to be Tested 
This dissertation uses biostratigraphy, geochemistry, and paleobiogeography to 
interpret speciation and extinction patterns across the KCE throughout the late Neogene, 
reconstruct the behavior of the KCE during the aforementioned tectonic, climate, and 
oceanographic events, and assess the importance of the KCE, and western boundary 
currents in general, to plankton dispersal and evolution through the Neogene and 
Quaternary periods. Thus, I propose three major hypotheses: 
 
Hypothesis 1: Due to differing water masses across the Kuroshio Current Extension, and 
between the North Pacific mid-latitudes and equatorial regions, planktic foraminiferal 
biozones will be highly diachronous and evolution of species will correlate with major 
tectonic and climate events of the Neogene Period. Tropical planktic foraminiferal 
biozones for the Neogene are well-established, with most of the datums tuned to the 
astronomical timescale (Wade et al., 2011). There is very little diachroneity among 
datums in the tropical zonation scheme, with most subzones created for Pacific and 
Atlantic species. Previous biostratigraphic zonation schemes developed for the southwest 
Pacific, characterized by the Tasman Front, indicate that within ~20° of latitude, water 
masses change so drastically that three different planktic foraminiferal zonal schemes 
(warm and cool subtropical, temperate, and subantarctic) were developed for this region 
(Kennett, 1973; Jenkins and Srinivasan, 1986). Preliminary comparisons of the southwest 




key species used to construct the biostratigraphic schemes. Before this research, there 
were no calibrated planktic foraminiferal zones developed for the northwest Pacific, 
affording no knowledge of the timing of evolutionary events in this region of the ocean. 
By constraining the first and last occurrences of planktic foraminiferal species at three 
ODP holes that transect the KCE (Fig. I.1, I.2), the timing of evolution and extinction 
events through the late Neogene (~15-0 Ma) will be used to construct planktic 
foraminiferal zonation schemes for the KCE region. These will be compared to the 
tropical zonation schemes to assess diachroneity. The calibrated KCE evolutionary events 
can then be compared to the timing of major tectonic and climate events throughout the 
study interval.  
 
Hypothesis 2: Planktic foraminifera utilize cool-water equatorial and coastal upwelling 
zones to disperse across tropical to subtropical regions of the world ocean. Additionally, 
developing ocean gyres and strengthening currents through the Neogene led to the 
dispersal and evolution of planktic foraminifera species. As the Pacific WBCs developed 
during the Neogene, discrete planktic foraminiferal biogeographic provinces became 
established (Kennett et al., 1985). Many tropical and subtropical lineages evolved, but 
several temperate lineages also appeared during the late Neogene and dominated the mid-
latitude regions (e.g., Wei and Kennett, 1986, 1988; Aze et al., 2011). Several of these 
lineages include species that inhabit high-latitude regions of the ocean today and in the 
geologic past. Using DNA, Darling et al. (2000) found that planktic foraminifera 
populations in the Arctic and Antarctic oceans have exchanged genetic material very 




polar distributions disperse across equatorial regions. Norris and de Vargas (2000) and 
Darling et al. (2000) proposed that plankton utilize cool-water equatorial and coastal 
upwelling sites as ‘stepping stones’ across tropical water masses. A number of planktic 
foraminiferal evolutionary and paleobiogeographic studies have focused on the 
globoconellid planktic foraminifera, a clade that dominates the plankton assemblages in 
mid-latitude regions (e.g., Wei and Kennett, 1988; Norris et al., 1994; Schneider and 
Kennett, 1999; Scott et al., 2007; Sexton and Norris, 2008). To test they hypothesis of 
Darling et al. (2000) and Norris and de Vargas (2000), I utilize the Globoconella fossil 
record to reconstruct dispersal paths through the entire Neogene Period. This 
paleobiogeographic study will shed light not only into the role upwelling regions play on 
dispersal, but also the importance of ocean currents to evolutionary processes.  
 
Hypothesis 3: The Kuroshio Current Extension shifted its latitudinal position north and 
south in response to tectonic gateway closures and global warming and cooling periods. 
Major shifts of the KCE ecotone promoted speciation and subsequent dispersal of 
plankton in the northwest Pacific. The detailed behavior of western boundary currents 
and their ecotones on longer geologic timescales remains unclear, as previous studies 
have focused on decadal- to millennial-scale shifts of these currents (e.g., Swada and 
Handa, 1998; Deser et al., 1999; Ito and Horikawa, 2000; Seager et al., 2001; Qiu and 
Chen, 2005; Wu et al., 2012; IPCC, 2014; Kim et al., 2017), mostly for times during the 
Quaternary Period. There remains a dearth of information on how exactly western 
boundary currents behaved in response to tectonic, warming, and cooling events. Using 




using surface-dwelling planktic foraminifera from three ODP holes that transect the 
current system (Fig. I.1, I.2). The time period for which the KCE will be investigated is 
the Pliocene to earliest Pleistocene (5-.25 Ma), a time that encompasses the constriction 
and closure of the Central American Seaway, mid-Piacenzian Warm Period, and 
Northern Hemisphere ice growth (Fig. I.3). Using the data from Hypothesis 1 and 2, I 
will assess if the KCE or any other western boundary currents, are hotspots for plankton 
evolution across these critical climate intervals.  
I.2 Major Findings and Outcomes 
Prior to this research, there was limited evolutionary work on Neogene to Recent 
planktic foraminifera in the KCE region. Chapters 1 and 2 assess in great detail when 
plankton evolved and went extinct from three deep-sea drill sites that transect the 
modern-day position of the Kuroshio Current Extension. These are the first planktic 
foraminiferal biostratigraphic zonation schemes to be developed for the northwest Pacific 
Ocean, with datums directly calibrated to the geomagnetic polarity timescale. The result 
is the development of two new biostratigraphic zonation schemes that can be directly 
compared and tied into the tropical planktic foraminiferal zonation scheme (Wade et al., 
2011). I found that diachroneity was persistent throughout the late Neogene both among 
the three ODP holes and between the mid-latitudes and the tropics. Chapter 3 is the first 
study to reconstruct the behavior of the KCE during the closure of the Central American 
Seaway, the mid-Piacenzian Warm Period, and growth of Northern Hemisphere ice 
sheets using stable isotopic analyses from surface-dwelling planktic foraminifera. The 
results of this chapter are a 2.5-million-year history of the KCE and how it came into its 




found that the KCE region warmed during the closure of the CAS and during the mPWP, 
but it really came into its modern configuration with the growth of Northern Hemisphere 
ice. Comparing the evolutionary data from Chapters 1 and 2 with the behavior of the 
KCE confirms that plankton speciation and extinction correlates with significant tectonic 
and climate events, but at present, the geochemical data are of too low a resolution to 
conclusively state which events were most important to plankton evolution. Chapter 4 is 
the largest planktic foraminiferal biogeographic study to be undertaken, utilizing 8 
species and 32 deep-sea sites around the globe to assess patterns of dispersal and 
evolution through the Neogene Period. This study provides groundbreaking insight into 
how pelagic species with a bi-polar (or anti-tropical) distribution conduct gene transfer 
across equatorial regions. I reconstructed global dispersal paths and found that plankton 
utilized upwelling zones as well as cooling thermoclines during a time of major global 
cooling to disperse to higher latitudes in the Pacific Ocean. Plankton also utilized ocean 
currents throughout the entire Neogene to disperse within and among ocean basins. 
Namely, the Antarctic Circumpolar Current that flows around Antarctica, was a 
prominent means for species to hitch a ride to other regions of the Southern Hemisphere 
ocean. From this study, it is also apparent that the KCE is not a hotspot for evolution, at 
least not for the Globoconella foraminifera. Instead, most of these species evolved in the 
Southern Hemisphere mid-latitudes such as the South Atlantic and southwest Pacific. 












WARM SUBTROPICAL MID-LATITUDE LATE NEOGENE PLANKTIC 
FORAMINIFERAL BIOSTRATIGRAPHY AND TAXONOMY: OCEAN 
DRILLING PROGRAM HOLE 1209A, SHATSKY RISE, NORTHWEST 
PACIFIC OCEAN 
1.1 Abstract 
Planktic foraminiferal biostratigraphy and taxonomy are the foundations for providing 
first-order age control in deep-sea marine sediments, understanding open marine 
evolutionary dynamics, and reconstructing ocean-climate history. Over the previous 
decades, the majority of published biostratigraphic zonation schemes have focused on the 
tropical regions of the world. Largely, the mid-latitude regions have been left out of such 
thorough studies, as several mid-latitude deep sea sites lack a robust age model and/or 
robust planktic foraminiferal biostratigraphy. In this study, we present the first 
magnetostratigraphically-calibrated planktic foraminiferal biostratigraphy from the 
subtropical northwest Pacific near the Kuroshio Current Extension that can be directly 
compared to the tropical zonation schemes. We have identified nine biozones at Ocean 
Drilling Program Hole 1209A. Large diachroneity among the primary marker taxa at 
Hole 1209A and tropical zonation scheme was found, sometimes on the order of a 
million years. Ratios of tropical:temperate and tropical:polar species and species richness 
indicate plankton assemblages  were highly sensitive to climate, oceanographic, and 
tectonic events through the late Neogene. This study highlights the need for more robust 
mid-latitude biostratigraphic zonation schemes, and it reveals the power of plankton 
assemblages in determining the behavior of mid-latitude water masses to major geologic 





Planktic foraminiferal biostratigraphy and taxonomy are the foundations for 
providing first-order age control in deep-sea marine sediments, understanding open 
marine evolutionary dynamics, and reconstructing ocean-climate history. Historically, the 
equatorial regions have been studied in great detail with respect to plankton evolutionary 
events and construction of biozones, beginning with publications by Bolli (1957a, b) for 
the Trinidad raised marine sequences. Later, Banner and Blow (1965) and Blow (1969) 
established additional planktic foraminiferal zonation schemes for the Cenozoic using 
mainly tropical land-based sequences around the world. These zones were first applied to 
deep sea sites by Parker (1967) with material from tropical Pacific Ocean pre-Quaternary 
piston cores housed at Scripps Institution of Oceanography. With the initiation of the 
Deep Sea Drilling Project (DSDP) in 1968, the established planktic foraminiferal zones 
were applied to deep sea sections, which allowed expansion and refinement of the zones. 
Berggren and co-authors took full advantage of these new marine sequences by further 
developing the tropical planktic foraminiferal zonation schemes and integrating the 
biozones with radiometric dates (e.g., Berggren, 1969; 1971; 1973; Berggren et al., 
1983). Later, these zonation schemes were correlated and updated by several authors 
(e.g., Stainforth et al., 1975; Kennett and Srinivasan, 1983; Bolli and Saunders, 1985; 
Berggren and Miller, 1988; Berggren et al., 1995). Finally, the revised, robust, and up-to-
date tropical planktic foraminiferal biostratigraphy was published by Wade et al. (2011) 





Compared to the tropics, the mid-latitude subtropics and temperate regions lack 
such a robust biostratigraphic framework and calibration to the geomagnetic polarity or 
astronomical time scales. Initial work in these regions was conducted by Jenkins (1960, 
1966, 1967) for the land-based sections of southeast Australia and New Zealand, 
resulting in temperate zonal schemes (Jenkins, 1971). Further Cenozoic zonation schemes 
based on subtropical to temperate marine sites were made possible by expanded sections 
recovered on DSDP Legs 21, 29, and 90 in the southwest Pacific, and were necessary 
based on the broad generality of the zonation schemes developed by Jenkins (1971). 
Jenkins (1975) expanded on his previously defined zones using material from DSDP Leg 
29 sites. Based on DSDP Leg 21 sections, Kennett (1973) created warm-subtropical 
(Sites 206 and 208) and cool-subtropical (Site 207) zonation schemes. These zones relied 
heavily on the first and last occurrences of species belonging to the genus Globoconella, 
a taxon that characterizes temperate water masses (Kennett and Srinivasan, 1983). The 
Kennett (1973) warm subtropical zonation scheme was slightly modified by Srinivasan 
and Kennett (1981a; b) using taxa from DSDP Site 208. Finally, both the warm and cool 
subtropical zonation schemes were further amended and modified by Jenkins and 
Srinivasan (1986) for DSDP Leg 90 sites. The zones of Jenkins (1971) led to the 
modification and development of new zonation schemes for other temperate DSDP sites 
outside of the southwest Pacific (e.g., Berggren, 1972a; Berggren, 1977a, b; Berggren 
and Amdurer, 1973; Poore and Berggren, 1974, 1975; Kennett, 1978). Despite the work 
done in the southwest Pacific Ocean, there has been very little attention paid to the 
northwest Pacific with regards to creating robust zonation schemes at the transition of 





Figure 1.1 Location map of mean annual sea surface temperature with location of major 
gyre systems, currents, and sites discussed in this study. Hole 1209A (32.65°N, 
158.50°E), the focus of this contribution, is noted by a star, with nearby Sites 305 
(32.00°N, 157.85°E), 310 (36.86°N, 176.90°E), 296 (29.44°N, 133.66°E) and Hole 806B 
(0.31°N, 159.36°E) denoted with circles. Holes 1208A (36.29°N, 158.22°E) and 1207A 
(37.90°N, 162.76°E), which lie close to 1209A within the Kuroshio Current Extension, 
are included for reference. Map made using Ocean Data View (Schlitzer, 2018) with sea 
surface temperature data from the World Ocean Atlas (Locarnini et al., 2013). 
 
 
Some of the earliest Cenozoic planktic foraminiferal biostratigraphies conducted 
in the northwest Pacific were on land-based sections of Japan (e.g., Katto et al., 1953; 
Takayanagi and Saito, 1962; Saito, 1963; Maiya, 1978; Oda, 1978; Hayashi and 
Takahashi, 2002). However, very few of these studies were able to directly calibrate 
planktic foraminiferal datums to the geomagnetic polarity timescale. Outcrops on which 
biostratigraphic analyses were undertaken are located closer to the influence of the 
Oyashio and Kuroshio Currents, and therefore have more of subpolar affinities compared 




planktic foraminiferal biostratigraphy have been conducted in the northwest Pacific using 
deep sea sediment cores. Vincent (1975) applied the tropical zonation scheme of Blow 
(1969) to DSDP Leg 32 sites, but zones were difficult to distinguish based on the rarity or 
lack of zonal marker species. Keller (1978) was the first to correlate North Pacific zones 
identified at Site 310 on Hess Rise with those of the southwest Pacific. From her study, 
she was able to identify zones defined by Kennett (1973) for the southwest Pacific. A 
direct temporal correlation between the sites, however, was not possible because Site 310 
lacks a magnetostratigraphic record.   
In this contribution, we provide a revised zonation scheme for the subtropical 
northwest Pacific Ocean along the southern sector of the Kuroshio Current Extension. 
Using sediment samples from Ocean Drilling Program (ODP) Leg 198 Hole 1209A (Fig. 
1.1), planktic foraminiferal evolution and extinction events are directly calibrated to the 
geomagnetic polarity timescale for the first time in the northwest Pacific. The results are 
a new subtropical zonation scheme for the late Neogene (7-0 Ma) that can be directly tied 
to the tropical planktic foraminiferal zonation scheme of Wade et al. (2011). 
1.2.1 ODP Site 1209 (32°39.10N, 158°30.36E; 2387 m water depth) 
Ocean Drilling Program Leg 198 drilled eight sites (1207-1214) on Shatsky Rise 
in the northwest Pacific Ocean, a lower mantle plume large igneous province or a fertile 
upper mantle triple junction divergent margin (Sager et al., 2016). These sites transect the 
modern-day position of the Kuroshio Current Extension (e.g., Holes 1207A, 1208A, and 
1209A; Fig. 1.1), the major western boundary current that flows east from Japan as the 
northern limb of the North Pacific Subtropical Gyre (Fig. 1.1). Ocean Drilling Program 




ODP Site 1209, three holes (A, B, C) were drilled on the Southern High of Shatsky Rise 
(now called Tamu Massif; Sager et al., 2013). Hole 1209A was drilled using the 
advanced piston corer (APC), with nearly 100% recovery (Fig. 1.2). A ~251-m thick 
succession of nannofossil ooze with clay of Maastrichtian to Recent sediments was 
recovered at Hole 1209A (Shipboard Scientific Party, 2002).  
This study focuses on the late Neogene age (upper Miocene to Recent) sediments 
recovered at Hole 1209A from 94.4-0 mbsf (Fig. 1.2). This interval is relatively 
complete, with 21 magnetic reversal boundaries identified through the study interval 
(Evans, 2006; Fig. 1.1; Appendix A). These sediments consist of nannofossil ooze, 
clayey nannofossil ooze, and chalk with moderate to well-preserved planktic 
foraminifera. An unconformity separates upper Miocene from lower Miocene sediments 
between cores 12 and 13, thus this study does not include samples from these sections. 
Average sedimentation rates through the study section are ~13 m/myr based on a 






Figure 1.2 Age model with the location of magnetic reversal boundaries used to create 
the age model and biostratigraphic datums used to create biozones for ODP Hole 1209A. 
We have omitted the first occurrence of Globorotalia plesiotumida which is used to 
define the base of the G. plesiotumida Last Occurrence Zone, as we did not observe the 
true base of this species at Hole 1209A. Depth is in meters below sea floor (mbsf), with 
core numbers and core 1H-11H images. Age and chronostratigraphy are based on 
magnetic reversal boundaries (Evans, 2006) updated to the GTS 2012 ages (Hilgen et al., 
2012). B=base, Bc=base common, T=top. 
1.3 Methods 
The age model for Hole 1209A was based on the magnetic reversal boundaries 
identified by Evans (2006). These reversal boundaries were updated to the GTS 2012 
ages using the dates of Hilgen et al. (2012) (Appendix A).  
Bulk 10 cubic centimeter samples from Hole 1209A consisted of mostly 




tap water over a 63-μm sieve, then transferred to a petri dish and dried overnight at 
approximately 50˚C in an oven. Dried residues were then transferred to glass vials for 
long-term storage and analyses. 
 Dried residues were sieved and the >125 μm fraction was sprinkled evenly on a 
picking tray and inspected under a light microscope. Specimens were picked and 
mounted onto a gummed population slide. Several (2-4) trays of sediment were inspected 
per sample to account for any rare species. The 63-125 μm fraction was also inspected for 
rare or characteristically small planktic foraminiferal species. Semi-quantitative 
abundance data (visual estimates) were based on the >125-μm fraction. Five categories of 
foraminiferal species abundance, relative to the total number of planktic foraminifera in 
each sample, were recorded: rare (<1%), few (1-5%), common (5-10%), abundant (10-
30%), and dominant (>30%; Appendix B).   
A total of 94 samples from ODP Hole 1209A Cores 1H-11H (0.27-94.48 mbsf) 
were examined in detail for planktic foraminiferal species. Both ARL and RML 
examined all samples in order to provide consistent species identifications. An initial 
low-resolution pass through the core catcher (CC) and Section 1 and 3 samples were 
made to approximate evolutionary events. Additional samples were inspected between 
these samples to more tightly constrain species first (base; B) and last (top; T) 
occurrences. Species’ tops and bases were tightly constrained with an average error of 
±0.088 Ma at Hole 1209A, with biostratigraphic marker species’ tops and bases 
constrained, on average, more tightly (±0.078 Ma).  
 Species’ tops were calculated as the midpoint between the 2 cm sample in which 




core) that was absent of the species. Likewise, species’ bases were calculated as the 
midpoint between the 2 cm sample in which the species was absent and the 2 cm sample 
above that contained the species. If a sample above or below a species’ datum was 
severely affected by dissolution and contained no planktic foraminifera, then the next 
sample above or below was used in the age error calculation. Age error for each top was 
calculated by averaging the age between the age of the sample containing the species and 
the age of the sample above that did not contain the species. Similarly, age error for each 
species’ base was calculated by averaging the age between the age of the sample that did 
not contain the species and the age of the sample above that did contain the species 
(Appendix C). 
 Species identification followed that of several sources for tropical and temperate 
taxa (Keller, 1978; Keller, 1980; Cifelli and Scott, 1986; Chaisson and Leckie, 1993; Fox 
and Wade, 2013; Wade et al., 2018). We relied most heavily on the identification guides 
and taxonomies from the southwestern Pacific Ocean (Kennett, 1973; Kennett and Vella, 
1975; Hornibrook, 1981; Kennett and Srinivasan, 1983; Jenkins and Srinivasan, 1986; 
Hornibrook et al., 1989; Scott et al., 1990).  
 To determine the assemblage response to tectonic and climate events that 
occurred throughout the study interval, namely the constriction and closure of the Central 
American Seaway, mid-Pliocene Warm Period, initiation of Northern Hemisphere 
Glaciation, and the Mid-Pleistocene Transition, ratios among tropical/subtropical, 
temperate, and subpolar species were calculated. This was done by converting the 
biostratigraphic table (Appendix B) to a presence/absence matrix, with species occurring 




tropical/subtropical, temperate, and subpolar species per sample could be added and then 
converted into ratios. Species were lumped into one of the three aforementioned 
categories based upon their temperature tolerance (Kennett and Srinivasan, 1983; Table 
1). Species with a wider temperature tolerance (e.g., tropical to temperate) were left out 
of the metrics to avoid, as much as possible, skewing of the results. From the presence 
and absence data, species richness, a count of how many species occur in each sample, 
was also calculated. To compare species richness between the tropics and the subtropics 
of the western Pacific, species richness from Hole 806B was calculated using the planktic 
foraminiferal biostratigraphy of Chaisson and Leckie (1993). The age model of Hole 
806B was updated using the calcareous nannofossil biostratigraphy of Takayama (1993) 
using the ages of datums in Sutherland et al. (2019).  
 
Table 1.1 Planktic foraminiferal species grouped by temperature preferences. 
Tropical to Subtropical Temperate Subpolar to Polar 
C. nitida S. paenedehiscens G. woodi T. iota 
D. altispira S. seminulina G. conomiozea N. incompta 
G. calida T. sacculifer G. inflata N. pachyderma 
G. conglobatus G. bermudezi G. miotumida  
G. extremus G. limbata G. triangula  
G. obliquus G. menardii G. puncticulata  
G. ruber G. merotumida G. crassaformis  
G. subquadratus G. plesiotumida G. crassula  
G. hexagona G. pseudomiocenica G. hirsuta  
G. apertura G. theyeri   
 
 
1.4 Biostratigraphy and Zonal Criteria 
We largely follow the southwest Pacific warm and cool subtropical zonal schemes 




DSDP Sites 208 and 207, as later modified by Jenkins and Srinivasan (1986) for DSDP 
Sites 588 and 591. We utilize both zonation schemes because we have identified the 
warm subtropical zone Globorotalia margaritae as well as the cool subtropical zone 
Globoconella conomiozea. We have further modified these schemes for the northwest 
Pacific, as not all zonal markers were recognized or had continuous occurrences (Fig. 
1.4). In addition, we have chosen dissolution-resistant and thick-walled species as zonal 
datums, as the North Pacific is home to the world’s oldest waters and shallowest calcium 
carbonate depth (CCD; Berger et al., 1976), which today lies between 4000 and 4500 
meters in the North Pacific (Berger and Winterer, 1974). It is clear from the preservation 
of specimens, high abundances of biogenic silica, and assemblages dominated by 
dissolution-resistant species in Hole 1209A samples (Lam et al., 2016) and from previous 
studies (Farrell and Prell, 1991; Farrell et al., 1995) that the Pacific Ocean lysocline 
underwent rapid depth changes through the late Neogene that undoubtedly affected the 
foraminiferal assemblages. Dissolution of foraminiferal calcite and increased 
fragmentation of tests was also found for assemblages in North Pacific DSDP Sites 305, 






Figure 1.3 First occurrences (B=base) and last occurrences (T=top) of select species of 
planktic foraminifera identified at ODP Hole 1209A plotted along chronostratigraphy and 
age (Hilgen et al., 2012). Species first occurrences that range outside the study interval 
are not included on the figure. Age error is included on each occurrence B and T and 
denoted with the ± sign. For a complete list of species’ first and last occurrences with 
error, see Appendix C. 
 
Here, we have recognized and defined the new Globorotalia hirsuta Lowest 
Occurrence Zone, defined by the first common and continuous occurrence of the 
nominate taxon (Fig. 1.3, 1.4). This zone subdivides the Globorotalia truncatulinoides 
zone as defined in the southwest Pacific for two reasons. First, G. hirusta is a more easily 
identifiable species and has a continuous common occurrence. Second, G. tosaensis has a 




conomiozea and G. margaritae warm subtropical zones of Srinivasan and Kennett 
(1981b) are reordered in our zonation scheme, as the first occurrence of G. margaritae 
occurs below the first occurrence of G. conomiozea at Hole 1209A, whereas the opposite 
is true for the southwest Pacific (although Jenkins and Srinivasan did not recognize the 
G. conomiozea zone at warm subtropical DSDP Site 588). Lastly, we have used the last 
occurrence of Globoquadrina dehiscens as a zonal marker and redefined the Globorotalia 
plesiotumida Partial Range Zone following the zonation scheme of Jenkins and 
Srinivasan (1986). The bottom 4.255 meters of Hole 1209A belong within the 
Globorotalia plesiotumida Lowest Occurrence Zone, but we cannot confirm the first 
appearance of this species at Hole 1209A, and thus have no lower boundary age for this 
biozone.   
Globorotalia hirsuta Taxon Range Zone 
Definition: Biostratigraphic interval defined by the continuous and common occurrence 
of Globorotalia hirsuta, the base of the zone defined by the first common occurrence of 
the species.  
Age: 0.348 Ma to Recent; upper middle Pleistocene to Recent.   
Remarks: This is a new biozone for the subtropical northwest Pacific Ocean. In the 
warm and cool subtropical schemes of Srinivasan and Kennett (1981b) and Jenkins and 
Srinivasan (1986), the latest Neogene zone is designated as the G. truncatulinoides zone 
marked by the top of G. tosaensis. We chose to not use this datum in this study because 
G. tosaensis becomes rare to few towards the end of its range, whereas G. hirsuta is a 
very distinct and easily recognized species that is relatively common (Appendix B). It 




region in the latest Pleistocene, as it is not recorded in the uppermost sample examined 
from Hole 1209A.  
Other prominent species that range through this interval include Globoconella 
inflata, Globigerina bulloides, Globigerinella siphonifera, Globigerinoides ruber, 
Trilobatus sacculifer, Globorotalia theyeri, G. scitula, G. truncatulinoides, G. tumida, 
Neogloboquadrina dutertrei, N. incompta, N. pachyderma, and Pulleniatina 
obliquiloculata. Species with a last appearance in this interval include Globorotalia 
crassula.  
Occurrence in Hole 1209A: 1H-4, 27-29 to 1H-1, 77-79 (5.025 to 0 mbsf).  
 
Globorotalia truncatulinoides Lowest Occurrence Zone   
Definition: Biostratigraphic interval from the first occurrence of G. truncatulinoides to 
the first common and continuous occurrence of G. hirsuta.  
Age: 2.372 Ma to 0.348 Ma; mid-Gelasian to middle Pleistocene.   
Remarks: This biozone includes the overlap in ranges between Gr. truncatulinoides and 
Gr. tosaensis. It is also recognized in the zonation schemes for the southwest Pacific 
Ocean by Srinivasan and Kennett (1981b) for warm subtropical DSDP Sites 206 and 208 
and cool subtropical DSDP Site 207, and Jenkins and Srinivasan (1986) for warm 
subtropical DSDP Site 588 and cool subtropical site 591 but is called the G. 
truncatulinoides/G. tosaensis overlap zone. Within this zone is the top of G. puncticulata, 
which occurs near the base of Chron C1n. Additional species that range through the 




 Additional species that range through this interval include Candeina nitida, 
Globigerinella siphonifera, G. ruber, T. sacclifer, G. menardii, G. scitula, G. tumida, N. 
dutertrei, N. incompta, O. universa, and S. dehiscens. Species that have their last 
occurrence within this zone include Beella praedigitata, Globoturborotalita woodi,  
Globigerinoides extremus, G. obliquus, Globorotalia limbata, G. pseudomiocenica, G. 
tosaensis, Globoconella triangula, Neogloboquadrina acostaensis N. atlantica, and 
Sphaeroidinella paenedehiscens. Species that have their first occurrence within this 
interval include Tenuitella iota, G. crassula, and Pulleniatina obliquiloculata.  
Occurrence in Hole 1209A: 4H-4, 77-79 to 1H-4, 77-79 (34.575 to 5.025 mbsf).  
 
Globorotalia tosaensis Lowest Occurrence Zone 
Definition: Biostratigraphic interval from the first occurrence of the nominate taxon G. 
tosaensis to the first occurrence of G. truncatulinoides.  
Age: 2.947 Ma to 2.372 Ma; late Piacenzian to mid-Gelasian.  
Remarks: This biozone is also recognized in the southwestern Pacific Ocean at warm 
subtropical DSDP Sites 206, 208 and 588 and cool subtropical Sites 207 and 591of 
Srinivasan and Kennett (1981b) and Jenkins and Srinivasan (1986). 
 Prominent species that range through this interval include Beella praedigitata, G. 
woodi, Globigerinoides conglobatus, T. sacculifer, Globoconella inflata, G. puncticulata, 
G. crassaformis, G. scitula, G. tumida, N. atlantica, N. incompta, N. pachyderma, O. 
universa, and S. dehiscens. Species that have their last occurrence in this interval include 
Dentoglobigerina altispira, G. conglomerata, and S. seminulina. Species that have their 




Occurrence in Hole 1209A:  6H-1, 77-79 to 4H-CC (47.225 to 34.575 mbsf).  
 
Globoconella inflata Lowest Occurrence Zone 
Definition: Biostratigraphic interval from the first occurrence of the nominate taxon G. 
inflata to the first occurrence of G. tosaensis.  
Age: 3.018 Ma to 2.947 Ma; mid-late Piacenzian.  
Remarks: This biozone is of a shorter duration at Hole 1209A compared to the same 
biozone recognized by Jenkins and Srinivasan (1986) at warm subtropical DSDP Site 
206, 208, and 588, and cool subtropical Sites 207 and 591. In the southwest Pacific 
Ocean, the base of G. inflata occurs approximately 0.40 Ma below the base of G. 
tosaensis (Lam et al., unpubl. data), whereas at Hole 1209A, these two datums are 
separated by approximately 0.07 Ma.  
 Prominent species that range through this interval include D. altispira, G. ruber, 
T. sacculifer, G. crassaformis, N. atlantica, N. incompta, O. universa, and S. 
paenedehiscens. Species that have their last occurrence within this interval include 
Dentoglobigerina venezuelana.  
Occurrence in Hole 1209A: 6H-2, 127-129 to 6H-1, 127-129 (49.085 to 47.225 mbsf).  
 
Globorotalia crassaformis Lowest Occurrence Zone 
Definition: Biostratigraphic interval from the first occurrence of the nominate taxon G. 
crassaformis to the first occurrence of G. inflata.  




Remarks: This zone is synonymous to the Globorotalia crassaformis zone identified at 
warm subtropical DSDP Sites 206, 208, and 588, and cool subtropical Sites 207 and 591.  
Much like in the southwest Pacific, this zone occurs later or above the G. 
puncticulata biozone. There has been discussion among several authors as to which 
species appears first among ocean basins. It seems the first occurrences of these species is 
complicated, as G. puncticulata has been observed to evolve before G. crassaformis in 
the South Atlantic (e.g., Berggren, 1977b; Dowsett, 1989), North Atlantic (e.g., 
Berggren, 1972b; Poore and Berggren, 1975), and southwest Pacific (Srinivasan and 
Kennett, 1981; Jenkins and Srinivasan, 1986). By contrast, the first occurrence of G. 
crassaformis is below that of G. puncticulata as interpreted from several deep-sea sites in 
the North Atlantic (Bylinskaya et al., 2002; Bylinskaya, 2004,). With new stratigraphic 
data presented in this study, it seems the question of where the first occurrence of G. 
crassaformis occurs below G. puncticulata is confined, for now, to the North Atlantic.  
 Prominent species that range through this interval include B. praedigitata, D. 
altispira, D. venezuelana, G. woodi, G. obliquus, G. ruber, T. sacculifer, G. puncticulata, 
N. atlantica, N. incompta, O. universa, and S. seminulina. Species that have their last 
occurrence in this interval include G. variabilis (and first occurrence), G. plesiotumida, 
G. miotumida, G. conomiozea, G. margaritae, and S. kochi. Species that have their first 
occurrence in this interval include Globoconella triangula.  
Occurrence in Hole 1209A: 7H-1, 77-79 to 6H-2, 145-147 (56.72 to 49.16 mbsf).  
 




Definition: Biostratigraphic interval from the first occurrence of the nominate taxon G. 
puncticulata to the first occurrence of G. crassaformis.  
Age: 3.862 Ma to 3.534 Ma; mid Piacenzian.  
Remarks: This biozone is recognized at DSDP warm subtropical Site 208 and 588, and 
cool subtropical sites 207 and 591by Srinivasan and Kennett (1981b) and Jenkins and 
Srinivasan (1986).  
 Species that range throughout this interval include B. praedigitata, D. altispira, G. 
woodi, G. ruber, T. sacculifer, G. scitula, N. atlantica, N. incompta, O. universa, and S. 
seminulina. Species with a first occurrence in this interval include G. triangula, with S. 
dehiscens the only species with a first occurrence in this interval.  
Occurrence in Hole 1209A: 7H-4, 127-129 to 7H-1, 127-129 (61.47 to 56.97 mbsf).  
 
Globoconella conomiozea Lowest Occurrence Zone 
Definition: The interval from the first appearance of G. conomiozea to the first 
appearance of G. crassaformis.  
Age: 4.341 Ma to 3.862 Ma; late Zanclean to earliest Piacenzian.  
Remarks: This biozone is recognized in the southwestern Pacific Ocean at cool 
subtropical DSDP Sites 208 and 588 by Srinivasan and Kennett (1981b) and Jenkins and 
Srinivasan (1986). However, in the southwest Pacific, G. conomiozea has a reported 
earlier first appearance than G. margaritae, whereas at Hole 1209A the first occurrence 
of G. conomiozea is above that of G. margaritae. Thus, the order of these two zones are 




 Species that range through this zone include D. altispira, G. woodi, G. obliquus, 
G. miotumida, N. incompta, N. pachyderma, O. universa, and S. seminulina. Species that 
have their first occurrence in this zone include T. quinqueloba, G. ruber, and S. 
paenedehiscens. Species that have their last occurrence in this interval include G. 
nepenthes and G. cibaoensis. 





Figure 1.4 Stratigraphic range of select planktic foraminifera at ODP Hole 1209A plotted 
against chronostratigraphy and age (Hilgen et al., 2012). Species used to delineate warm 
subtropical biozones for Hole 1209A are bolded. The biozones constructed in this study 
are plotted against those for the tropics developed by Wade et al. (2011). Abbreviations 
for zones are as follows: TRZ, total range zone; LOZ, lowest occurrence zone; PRZ, 
partial range zone; HOZ, highest occurrence zone; CRZ, concurrent range zone. 
 
Globorotalia margaritae Lowest Occurrence Zone  
Definition: The biostratigraphic interval from the first occurrence of G. margaritae to the 
first occurrence of G. conomiozea.  




Remarks: This interval is recognized in the southwest Pacific at warm subtropical DSDP 
Sites 208 (Srinivasan and Kennett, 1981b) and 588 (Jenkins and Srinivasan, 1986). As 
discussed above, this zone and the Globoconella conomiozea Lowest Occurrence Zone 
are switched in the southwest Pacific, as the first occurrence of G. conomiozea occurs 
below that of G. margaritae.  
 Species that range through this interval include G. obliquus, G. conglobatus, G. 
menardii, G. plesiotumida, G. miotumida, G. nepenthes, N. dutertrei, N. incompta, O. 
universa, S. kochi, and S. seminulina. Species that have their first occurrence in this 
interval include S. siphonifera, D. baroemoenensis, G. cibaoensis, G. theyeri, G. tumida, 
and N. acostaensis. 
Occurrence in Hole 1209A: 8H-CC to 8H-3, 60-62 (75.185 to 68.635 mbsf).  
 
Globoconella miotumida Partial Range Zone 
Definition: The biostratigraphic interval from the last occurrence of Globoquadrina 
dehiscens to the first occurrence of Globorotalia margaritae.  
Age: 6.755 Ma to 4.970 Ma; mid Messinian to early Zanclean.  
Remarks: In the southwest Pacific warm subtropical zonation scheme, the equivalent 
zone to our Globoconella miotumida Partial Range Zone is the Globorotalia plesiotumida 
biozone (Jenkins and Srinivasan, 1986). Because the lowest occurrence of G. 
plesiotumida is not observed at Hole 1209A, and the last occurrence of G. dehiscens is 
very prominent, we have chosen the latter species as a primary marker species.  
 Species that range through this biostratigraphic interval include D. altispira, G. 




Species that have their first occurrence in this zone include C. nitida, G. extremus, G. 
conglomerata, N. atlantica, N. dutertrei, N. incompta, and N. pachyderma. Species with 
their last occurrence in this interval include G. druryi, G. merotumida, and G. 
subquadratus.  
Occurrence in Hole 1209A: 10H-5, 77-79 to 9H-1, 78-80 (90.225 to 75.185 mbsf).  
 
Globorotalia plesiotumida Lowest Occurrence Zone 
Definition: Biostratigraphic interval from the first occurrence of Globorotalia 
plesiotumida to the last occurrence of G. dehiscens.  
Age: Unknown age of base of zone to 6.755 Ma.  
Remarks: In the zonation scheme of Jenkins and Srinivasan (1986), they use the first 
occurrence of Globorotalia plesiotumida as the marker for the base of their G. 
plesiotumida zone. Here, we caution using the first occurrence of G. plesiotumida as a 
biostratigraphic datum because the occurrence of this species in Hole 1209A is sporadic. 
In addition, we are uncertain if the first occurrence of G. plesiotumida in the hole is the 
actual true first occurrence, or if this occurs below the cored interval; we suspect the 
latter. 
 We refrain from commenting on species with a first occurrence in this interval 
because we cannot confirm if this is the true base.   
Occurrence in Hole 1209A: 11H-1, 77-79 to 10H-5, 77-79 (7.16 to 6.82 mbsf).  
 1.5 Comparison with Tropical Assemblages and Nearby Sites 
It is apparent from comparison with tropical deep sea sites of the North Pacific 




masses that caused diachrony among taxa as well as different assemblages of planktic 
foraminiferal taxa. At Hole 1209A, there are very rare occurrences of Neogloboquadrina 
atlantica, a typical tropical to warm subtropical species (Kennett and Srinivasan, 1983). 
Pulleniatina primalis, the precursor to P. obliquiloculata, was only found within one 
sample. Relatedly, several of the globorotaliids that dominate equatorial assemblages 
with persistent and continuous ranges, appear sporadically in the subtropics of Hole 
1209A especially throughout the late Miocene to Pliocene intervals (e.g., Globorotalia 
limbata, G. menardii, G. pseudomiocenica).  
Diachrony becomes most obvious when primary marker species used to define 
biostratigraphic zones in this study are compared to those from the tropical zonation 
scheme of Wade et al. (2011) (Table 1.2). Species tops and bases are diachronous on the 
order of more than a million years in some cases (e.g., base of Globorotalia margaritae). 
Average diachrony among primary marker taxa between Hole 1209A and the tropical 
zonation of Wade et al. (2011) is 0.56 Ma. Furthermore, some tropical primary marker 
species are absent in Hole 1209A. For example, Globorotalia lenguaensis was not 
identified in this study, nor was Globigerinoides fistulosus (Table 1.2). Likewise, many 
of the datums used in this study to define subtropical planktic foraminiferal zones are 
absent or very rare in tropical sites. These findings further highlight the need for finely-








Table 1.2 Comparison of primary marker taxa from Hole 1209A and from the tropical 
zonation scheme of Wade et al. (2011).  
Primary Marker Taxa 1209A Age (Ma) Tropical Age (Ma) Difference (Ma) 
B Globorotalia hirsutaL 0.673 0.45 +0.223 
T Globorotalia tosaensisW 0.417 0.61 -0.193 
T Globigerinoides fistulosusW - 1.88 - 
B Globorotalia truncatulinoidesL 2.375 1.93 +0.445 
T Globorotalia pseudomiocenicaW 2.082 2.30 -0.218 
B Globorotalia tosaensisL 2.947 -3.35 -0.403 
B Globoconella inflataL 3.018 - - 
B Globoconella puncticulataL 3.862 - - 
T Dentoglobigerina altispiraW 2.935 3.47 -0.535 
T Sphaeroidinellopsis seminulinaW 2.913 3.59 -0.677 
B Globorotalia crassaformisL 3.535 4.31 -0.775 
T Globorotalia margaritaeW 3.473 3.85 -0.377 
T Globoturborotalita nepenthesW 4.079 4.37 -0.291 
B Globoconella conomiozeaL 4.341 - - 
B Globorotalia margaritaeL 4.970 6.08 -1.110 
T Globoquadrina dehiscensL 6.755 5.92 +0.835 
B Globorotalia tumidaW 4.474 5.57 -1.096 
B Globorotalia lenguaensisW - 6.13 - 
W primary marker taxa in Wade et al. (2011) 
L primary marker taxa in this study 
 
Comparison of planktic foraminiferal zones and assemblages close to Hole 1209A 
indicates that the zones in this study are applicable to these neighboring sites. Deep Sea 
Drilling Site 305 lies at 32°0.132’N, 157°51.000’E in 2903 m water depth, just to the 
south of Hole 1209A on the southern part of Shatsky Rise (Fig. 1.1). Vincent (1975) 
characterized the site as being affected by dissolution and applied the zonation scheme of 
Blow (1969). She attempted to assign ages to foraminiferal events indirectly using 
radiolarian datums calibrated to the magnetostratigraphic time scale. Here, we make no 
attempt to update the ages of Site 305 datums or update the age model for the site, only 




(1975) species distribution data, we were able to identify a few of our zones at Site 305. 
The Globorotalia hirsuta TRZ and Globorotalia truncatulinoides LOZ are easily 
distinguished at Site 305. The Globoconella inflata LOZ and Globorotalia tosaensis LOZ 
are undifferentiated at Site 305 due to the very sparse occurrence of G. tosaensis, the base 
of which occurs stratigraphically above its descendant, G. truncatulinoides. Below these 
zones, the Globoconella puncticulata LOZ and Globorotalia crassaformis LOZ are also 
undifferentiated, as the two nominate taxa have first occurrences that occur in the same 
sample. We suspect that these zones may be at Site 305 but are not fully distinguishable 
due to the coarse sampling resolution of Vincent’s study. At Hole 1209A, the first 
occurrences of G. puncticulata and G. crassaformis are separated by only 5 meters and 
0.328 Ma, meaning if a site has low sedimentation rates and is sampled at a coarse 
resolution, the bases of these taxa may appear to be at the same horizon. Vincent (1975) 
did not recognize Globoconella conomiozea at Site 305. Based on our revised criteria for 
distinguishing G. conomiozea from Globoconella miotumida (see ‘Systematic 
Paleontology’), we have identified G. conomiozea at Site 305 (Vincent 1975, p. 795, 
plate 2, figure 19). Thus, the Globoconella conomiozea LOZ is likely present at Site 305. 
This zone is also undifferentiated from the Globorotalia margaritae LOZ and 
Globorotalia plesiotumida PRZ due the very rare specimens of G. margaritae at Site 305. 
The top of Globoquadrina dehiscens is, however, very distinct at Site 305, indicating this 
may be a prominent marker species in the North Pacific mid-latitudes.   
 Keller (1978) generated a planktic foraminiferal biostratigraphy at DSDP Site 
310, located to the east of Hole 1209A and slightly northeast of Site 305. DSDP Site 310 




1.1). Using Kellers’s distribution and abundance data, we were able to define the G. 
hirsuta TRZ through the G. crassaformis LOZ. It seems the main difference between Site 
310 and Hole 1209A is that the G. inflata zone is more expanded at Site 310, and the first 
appearance of G. conomiozea occurs above the first occurrence of G. puncticulata (using 
our new taxonomy with G. sphericomiozea now synonymized with G. puncticulata). 
Thus, the G. puncticulata LOZ and G. conomiozea LOZ zones remain undifferentiated at 
Site 310. More work is needed on Sites 310 and 305 to develop robust age models at 
these locations. With increased age resolution, only then will we be able to determine if 
the zonation scheme in this contribution is directly applicable to these sites, and if 
diachrony among datums is apparent from Shatsky to Hess Rise in the North Pacific. 
 More recently, a revised stratigraphy and planktic foraminiferal biostratigraphy 
was updated for DSDP Site 296 (29.44°N, 133.66°E; Matsui et al., 2019), located to the 
south of Hole 1209A (Fig. 1.1). Here, the authors were able to recognize the tropical 
planktic foraminiferal biozones of Wade et al. (2011). This biostratigraphic analysis, 
conducted at a site only ~3° of latitude away from Hole 1209A, indicate that there are 
steep temperature and biological gradients of planktic foraminiferal communities in the 
Northwest Pacific Ocean.  
1.6 Planktic Foraminiferal Response to Tectonic and Climate Events 
The study interval includes several tectonic and paleoceanographic events as well 
as climate shifts that undoubtedly affected wind-driven circulation and the species’ 
assemblages at Hole 1209A. This is apparent from the ratio of tropical to temperate and 
tropical to polar species and species’ richness as interpreted from species’ occurrences 




The late Miocene to early Pliocene was a time when more modern ocean 
circulation patterns began to develop (e.g., Kennett et al., 1985; Gasperi and Kennett, 
1993; Ford et al., 2012; Herbert et al., 2016). Throughout the upper Miocene to lower 
Pliocene section of Hole 1209A, species richness is slightly lower compared to richness 
values in the late Pliocene and Pleistocene (Fig. 1.5). Species richness at Hole 806B in 
the western equatorial Pacific remained high in general compared to values from Hole 
1209A throughout the study interval. Drury et al. (2018) proposed a warm mean state in 
the equatorial Pacific from 8-6.5 Ma and ~5.2-4.4 Ma. It is during the period ~5.2-4.4 Ma 
major fluctuations in species richness occur, including  a large  decrease in species 
richness at ~4.8 Ma  along with an increase in tropical:subpolar taxa at the same time. At 
~4.7 Ma, richness increases at 1209A to levels similar to those observed at Hole 806B, 
signaling an influx in tropical water masses over Shatsky Rise. These data, albeit lower-
resolution through this interval, indicate that paleoceanographic changes in the equatorial 
Pacific largely affected the northwest Pacific and Kuroshio Current Extension.  
The constriction of the Central American Seaway (CAS) may have begun as early 
as the Middle Miocene (Duque-Caro, 1990; Coates et al., 2004; Molnar, 2008; Montes et 
al., 2015). Data from ocean sediments on either side of the seaway indicate that a shallow 
surface current maintained communication between the Atlantic and Pacific oceans 
through the early Pliocene (Keigwin, 1982; Kameo and Sato, 2000; Haug et al., 2001; 
Chaisson, 2003; Zhang et al., 2012; Osborne et al., 2014; Bell et al., 2015; O’Dea et al., 
2016). Stable isotopic data reveal a critical threshold was reached by 4.6 Ma, in which a 
marked change in ocean circulation and global climate occurred and continued to for the 





Figure 1.5 Planktic foraminiferal response to major tectonic, climate, and oceanographic 
events of the late Neogene. Tropical: temperate and tropical:polar ratios indicate 
foraminiferal assemblages responded rapidly on millennial to million-year timescales. 
Within the mid-Pliocene Warm Period interval, the glacial-interglacial cycles are 
highlighted in a darker shade of red to show the faunal response to millennial-scale 
changes. Bold black and red lines are 3-point averages of the data, whereas the thinner 
gray and light red lines are the original data. Species richness from Hole 1209A is 
compared to the species richness from western equatorial Hole 806B (Chaisson and 
Leckie, 2009). Data are plotted against the global benthic foraminiferal δ18O (‰) from 
Zachos et al. (2001). 
 
The constriction of the Central American Seaway (CAS) may have begun as early 
as the Middle Miocene (Duque-Caro, 1990; Coates et al., 2004; Molnar, 2008; Montes et 
al., 2015). Data from ocean sediments on either side of the seaway indicate that a shallow 




through the early Pliocene (Keigwin, 1982; Kameo and Sato, 2000; Haug et al., 2001; 
Chaisson, 2003; Zhang et al., 2012; Osborne et al., 2014; Bell et al., 2015; O’Dea et al., 
2016). Stable isotopic data reveal a critical threshold was reached by 4.6 Ma, in which a 
marked change in ocean circulation and global climate occurred and continued to for the 
next million years (Haug and Tiedemann, 1998).  
The gradual constriction and eventual closure of the Central American Seaway 
prior to and around 3.6 Ma led to a steady increase then huge decrease in the ratio  of 
tropical to subpolar and tropical to temperate taxa at Hole 1209A. (Fig. 1.5).  Within the 
closure interval, species richness between western equatorial Pacific Hole 806B and Hole 
1209A become more similar towards 3.6 Ma. These data may indicate that as the CAS 
began to close and shutoff surface water flow between the Atlantic and Pacific, the 
Kuroshio Current Extension slowly warmed, as inferred from the increased ratios of 
tropical to temperate and subpolar taxa. Right at 3.6 Ma, the KCE may have temporarily 
shifted south, bringing cooler waters over the southern high of Shatsky Rise.  Current 
shifts increased the number of taxa at Hole 1209A throughout the CAS closure, and thus 
increased the number of similar tropical taxa between Holes 806B and 1209A.  
The mid-Piacenzian Warm Period (mPWP), which occurred from 3.2.-2.9 Ma and 
is a time when global atmospheric carbon dioxide (CO2) concentrations were ~350-450 
parts per million (Raymo et al., 1996; Pagani et al., 2010; Seki et al., 2010; Bartoli et al., 
2011; Badger et al., 2013; Martínez-Botí et al., 2015), which occurred during an overall 
global climate cooling. This interval is often targeted as an analogue for future 
anthropogenically-induced warming scenarios (reviewed in Haywood et al., 2016) as the 




interval, there is an influx in subpolar species at Hole 1209A and a decline in the number 
of tropical taxa, along with a slight decline in species richness (Fig. 1.5). Richness at 
tropical Hole 806B remains high and relatively unchanged during this interval. Imposed 
on this average signal are smaller, shorter-term changes in the tropical:polar ratio and 
species richness, indicating that assemblages at this site were likely sensitive to  orbitally-
forced warm and cool cycles of the mid-Pliocene. The overall divergence in richness 
between the tropics and subtropics, along with an influx of cool-water taxa at Hole 
1209A, may indicate either an equatorward shift of the Kuroshio Current Extension or the 
KCE exhibited bigger meanders related to seasonal to decadal fluctuations. These 
scenarios wouldhave brought cooler waters over Shatsky Rise, along with a decrease in 
the number of taxa, as cooler water masses are characterized by lower planktic 
foraminiferal species diversity (Bradshaw, 1959; Kucera, 2007). However, these data are 
in conflict with the Pliocene climate models of Dowsett and Robinson (2009), in which 
they indicate expanded equatorial warm water masses and thus increased warming over 
the northwest Pacific.   
The initiation of Northern Hemisphere Glaciation (NHG) began at approximately 
2.7 Ma (Haug et al., 2005), with further global cooling and a switch from 41 kyr cyclicity 
to ~100 kyr ice age cycles during the Mid-Pleistocene Transition (MPT; 1.2-0.8 Ma, 
Hays et al., 1976; Pisias and Moore, 1981; Raymo et al., 2004; Clark et al., 2006). During 
NHG, the tropical:subpolar and tropical: temperate ratios and remain relatively 
unchanged with few fluctuations, and species richness slightly declines. At Hole 806B, 
richness only slightly decreases.,  Taken together, these data may indicate that the 




at the onset of NHG. Much like the mPWP interval, it is apparent from higher-resolution 
samples that richness values at Hole 1209A respond rapidly to glacial-interglacial cycles.  
Within the Mid-Pleistocene Transition (MPT; 1,200-800 kya), species richness 
increases along with the number of tropical taxa greatly increases at Hole 1209A, which 
is apparent in both the tropical: temperate and tropical:polar species ratios (Fig. 1.5). 
These data indicate that during the MPT, warm waters were generally persistent over 
Hole 1209A, at least seasonally. Calcareous nannofossil assemblages corroborate this 
finding, as this group also documents longer-term warming in the northwest Pacific 
throughout the MPT interval (Lupi et al., 2019).   
1.7 Conclusions 
This is the first study to create a late Neogene planktic foraminiferal 
biostratigraphy for the subtropical northwest Pacific Ocean with first and last occurrences 
interpolated with magnetic reversal boundaries. In total, 94 samples with an average 
sampling resolution of 0.022 Ma from Hole 1209A Cores 1H-11H (0.27-94.48 mbsf), 
located on Shatsky Rise, were examined for planktic foraminiferal species. Semi-
quantitative abundance data were recorded for each sample. On average, species’ tops 
and bottoms were constrained to an average error of ±0.088 Ma. From species occurrence 
data, the southwest Pacific warm and cool subtropical zonal scheme sdeveloped initially 
by Kennett (1973), refined by Srinivasan and Kennett (1981a, b), as later modified by 
Jenkins and Srinivasan (1986), was applied to Hole 1209A. Both schemes were utilized 
as both the Globorotalia margaritae warm-subtropical and Globoconella conomiozea 
cool subtropical zones were identified.  We further modified these schemes for the 




occurrences. A total of nine biostratigraphic zones are defined, including the new 
Globorotalia hirsuta Lowest Occurrence Zone, which is defined by the first common and 
continuous occurrence of the nominate taxon. This zone divides the Globorotalia 
truncatulinoides zone previously defined for the southwest Pacific. Application of these 
zones to nearby northwest Pacific Sites 310 and 305 indicate the zonation scheme defined 
herein is applicable to other subtropical sites in the North Pacific. Comparison of marker 
species’ ranges from Hole 1209A to the first and last occurrences of key maker taxa from 
the Wade et al. (2011) tropical zonation scheme highlights significant diachrony among 
datums. Species first and last occurrences between the tropics and Hole 1209A are 
diachronous on the order of more than a million years in some cases, with an average 
diachrony of 0.56 Ma. The absence of some tropical primary marker species at Hole 
1209A indicates significantly different water masses in mid-latitude regions. Ratios of 
tropical:temperate and tropical:polar species and species richness through the study 
interval indicate that the planktic foraminiferal assemblages responded dramatically to 
climate, oceanographic, and tectonic events during the late Neogene. The findings in this 
study highlight the need for regionally-specific planktic foraminiferal zonation schemes, 
especially in the mid-latitudes, and the potential for uncovering the behavior of the 
Kuroshio Current Extension using planktic foraminiferal assemblage data. 
1.8 Systematic Paleontology 
In this contribution, we have documented as many species as possible to establish 
a robust planktic foraminiferal biostratigraphy and catalogue of northwest Pacific species 
and morphologies. The stratigraphic ranges of all taxa can be found in Appendices A and 




 We have worked to synonymize morphospecies with more established and well-
known taxa, as we consider these within the range of morphological variability within a 
species’ concept. Namely, we have assigned the holotype of Sphaeroidinella dehiscens 
subdehiscens as Sphaeroidinella seminulina, thus synonymizing these two species. 
Because there has been confusion in the literature over the identification of Globoconella 
conomiozea and Globoconella miotumida, we have devised a new way to distinguish 
these two species based on the angle of the chambers in ventro-conical view. In addition, 
we have synonymized the species concept of Globoconella sphericomiozea with 
Globoconella puncticulata. After examination of the holotype specimens and drawings of 
these two species, we find no grounds on which to separate them successfully from one 
another in our samples.  
We have also worked to capture scanning electron microscope (SEM) images of 
specimens that capture the range of morphological variability within a species concept. 
Species which only have questionable occurrence at Hole 1209A were not included in the 
following taxonomic list. The original reference for each species is included in the notes 
that follow.  
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 
Family CANDEINIDAE Cushman, 1927 
Genus Candeina d’Orbigny, 1839 
Type species: Candeina nitida d’Orbigny, 1839 
 




Plate 1, Figs. 1-2 
Candeina nitida d’Orbigny, 1839, p. 107, pl. 2, figs. 27-28; Kennett, 1973, p. 599, pl. 1, 
figs. 1-4; Kennett and Srinivasan, 1983, p. 228, pl. 57, figs. 6-8; Chaisson and 
Leckie, 1993, p. 155, pl. 1, fig. 8.  
Stratigraphic range. 1209A-9H-1, 77-79 to 1209A-1H-4, 77-79.  
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 
Family GLOBIGERINIDAE Carpenter, Parker, and Jones, 1862 
Genus Beella Banner and Blow, 1960 
Type species: Globigerina digitata Brady, 1879 
 
Beella digitata (Brady, 1879) 
Plate 1, Figs. 3-4 
Globigerina digitata Brady, 1879, p. 599, pl. 80, figs. 6-10; Kennett, 1973, p. 603, pl. 3, 
fig. 6; Kennett and Vella, 1975, p. 786, pl. 2, fig. 7.  
Beella digitata (Brady). Kennett and Srinivasan, 1983, p. 232, pl. 58, fig. 2, 6-8.  
Stratigraphic range. 1209A-4H-4, 77-79 to 1209A-1H-1, 27-29. 
 
Beella praedigitata (Parker, 1967) 
Globigerina praedigitata Parker, 1967, p. 151, pl. 19, figs. 5-8; Kennett, 1973, p. 603, pl. 
3, figs. 4-5. 




Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-2H-1, 27-29.  
 
Genus Catapsydrax Bolli, Loeblich, and Tappan, 1957 
Type species: Globigerina dissimilis Cushman and Bermudez, 1937 
 
Catapsydrax unicavus Bolli, Loeblich, and Tappan, 1957 
Catapsydrax unicavus Bolli, Loeblich, and Tappan, 1957, p. 37, pl. 7, fig. 9a-c, pl. 37, 
fig. 7a-b; Leckie et al., 1993, p. 123, pl. 3, fig. 15; Cicha et al., 1998, p. 40, pl. 40, 
figs. 1-2; Olsson et al., 2006, p. 75, pl. 5.3, figs. 1-4, 14, 16; Pearson and Wade, 
2009, p. 200-202, pl. 2, fig. 2a-g; Pearson and Wade, 2015, p. 8, figs. 4.1a-d, figs. 
4.2a-c, fogs. 4.3a-4, fig. 4.5a-c.  
Globorotaloides suteri Bolli. Bolli, 1957, p. 116, pl. 27, figs. 9-13b, fig. 4.5a-c; Blow and 
Banner, 1962, p. 112-113, pl. XIII, figs. N-P; Blow, 1979, p. 1358, pl. 247, figs. 
9-10; Spezzaferri, 1994, p. 45, pl. 34, fig. 5a-c. 
Globigerinita unicava (Bolli, Loeblich, and Tappan). Brönnimann and Resig, 1971, p. 
1307, pl. 25, fig. 5; Krasheninnikov and Pflaumann, 1977, p. 592, pl. 7, figs. 4a-b, 
5, 6a-c.  
Catapsydrax unicava unicava Bolli, Loeblich, and Tappan. Quilty, 1976, pl. 8, figs. 2-3.  
Globigerinita simulans Bermúdez, 1961, p. 1198, pl. 6, figs. 10-13.  
Globigerinita simulans (Bermúdez). Blow, 1979, p. 1343-1345, pl. 186, figs. 6-7.  
Globigerinita unicava primitiva Blow and Banner, 1962, p. 114-115, pl. XIV, figs. J-L; 




Basov, 1983, p. 839, pl. 6, figs. 9-10; Hooyberghs et al., 1992, p. 9, pl. 6, figs. 6-
9.  
Catapsydrax unicava primitiva (Blow and Banner). Quilty, 1976, p. 641, pl. 8, fig. 1.  
Globigerinita pera (Todd). Brönnimann and Resig, 1971, p. 1306, pl. 25, figs. 1-3. 
Krasheninnikov and Basov, 1983, p. 839, pl. 6, figs. 3-4; Hooyberghs et al., 1992, 
p. 9, pl. 6, figs. 3-5.  
Catapsydrax pera (Todd). Quilty, 1976, p. 641, pl. 7, figs. 20-21; Cicha et al., 1998, p. 
88, pl. 40, figs. 3-5.  
Catapsydrax perus (Todd). Fleisher, 1974, p. 1016, pl. 4, fig. 7. 
Globigerinita martini scandretti Blow and Banner. Hooyberghs and De Meuter, 1972, p. 
32, pl. 11, figs. 2a-c; Hooyberghs et al., 1992, p. 9, pl. 5, figs. 19-20, pl. 6, figs. 1-
2.  
Catapsydrax boweni (Brönnimann and Resig). Quilty, 1976, p. 641, pl. 7, figs. 16-17. 
Catapsydrax martini martini (Blow and Banner). Quilty, 1976, p. 641, pl. 7, figs. 16-17. 
Globigerinita martini martini (Blow and Banner). Hooyberghs et al., 1992, p. 9, pl. 5, 
figs. 15-18. 
Globigerinita martini Blow and Banner. Krasheninnikov and Basov, 1983, p. 839, pl. 6, 
figs. 5-8.  
Catapsydrax parvulus Bolli, Loeblich, and Tappan. Quilty, 1976, p. 679, pl. 7, figs. 18-
19; Kennett and Srinivasan, 1983, p. 26, pl. 2, fig. 2, pl. 3, figs. 7-9; Barbieri and 
Ori, 2000, p. 10, pl. 1, fig. 14; Hilgen et al., 2000, p. 192, pl. 1, figs. 13-15; 




Globorotaloides turgidus (Finlay). Krasheninnikov and Basov, 1983, p. 840, pl. 7, figs. 
7-9.  
Catapsydrax c.f. riveroae (Bermúdez). Cicha et al., 1998, p. 88, pl. 40, figs. 6-7.  
Not Catapsydrax unicavus Bolli, Loeblich, and Tappan. Olsson et al., 2006, p. 75, pl. 5.3, 
figs. 9-11. 
Stratigraphic range. 1209A-10H-4, 77-79 to 1209A-10H-2, 127-129. 
Remarks. This species is very rare at Hole 1209A.  
 
Genus Dentoglobigerina Blow, 1979 
Type species: Globigerina galavisi Bermudez, 1961 
 
Dentoglobigerina altispira (Cushman and Jarvis, 1936) 
Plate 1, Figs. 5-10 
Globigerina altispira Cushman and Jarvis, 1936, p. 5, pl. 1, figs. 13a-c.  
Globoquadrina altispira globosa (Cushman and Jarvis). Bolli, 1957, p. 111, pl. 24, figs. 
9a-c. 
Globoquadrina altispira (Cushman and Jarvis). Kennett, 1973, p. 603, pl. 3, figs. 1-3.  
Dentoglobigerina altispira altispira (Cushman and Jarvis). Kennett and Srinivasan, 1983, 
p. 188, pl. 46, figs. 4-6; Chaisson and Leckie, 1993, p. 155, pl. 9, fig. 8; Fox and 
Wade, 2013, p. 379, figs. 4.1-4.6.  
Dentoglobigerina altispira globosa (Bolli). Kennett and Srinivasan, 1983, p. 189, pl. 44, 




“Dentoglobigerina” altispira (Cushman and Jarvis). Pearson, 1995, p. 45, pl. 4, figs. 20, 
23. 
Stratigraphic range. 1209A-10H-6, 77-79 to 1209A-6H-1, 77-79.  
Remarks. In this study, we have not differentiated D. altispira from D. altispira 
globosa. 
 
Dentoglobigerina baroemoenensis (LeRoy, 1939) 
Plate 1, Figs. 11-15 
Globigerina baroemoenensis LeRoy, 1939, p. 263, pl. 6, figs. 1-2.  
Globigerina c.f. altispira (Cushman and Jarvis). Kennett, 1973, p. 617, pl. 10, figs. 1-4.  
Globoquadrina baroemoenensis (LeRoy). Blow, 1969, p. 340-341, pl. 28, fig. 4; Poore, 
1979, p. 470, pl. 18, figs. 8-9, 10-12; Blow, 1979, pl. 28, fig. 4; Kennett and 
Srinivasan, 1983, p. 186, pl. 6, figs. 1-3; Berggren et al., 1983, pl. 1, fig. 12; 
Chaisson and Leckie, 1993, p. 159 (partim), pl. 9, fig. 7. 
Globigerina baroemoenensis var. quadrata LeRoy, 1944, p. 39, pl. 3, figs. 34-35, pl. 7, 
figs. 37-39.  
Dentoglobigerina baroemoenensis (LeRoy). Blow, 1979, p. 763, 1300, pl. 28, fig. 8; 
Spezzaferri and Premoli Silva, 1991, p. 237, pl. 2, figs. 4a-c. Spezzaferri, 1994, p. 
40, pl. 40, figs. 1a-c (reproduced from Spezzaferri and Premoli Silva, 1991, pl. 2, 
figs. 4a-c); Fox and Wade, 2013, 379, figs. 5.1, 5.2.  
Dentoglobigerina galavisi Bermudez/Globoquadrina baroemoenensis (LeRoy) transition. 
Spezzaferri and Premoli Silva, 1991, pl. 2, figs. 3a-c.  




Remarks. We distinguish D. baroemoenensis from D. altispira and D. 
venezuelana by being lower-spired. The last chamber is often slightly depressed, with or 
without an apertural tooth that projects into the aperture. The apertural face is somewhat 
flattened. The chambers in the first and third chambers in the last whorl are slightly 
elongate, with the second chamber in the final whorl more rounded.  
 
Dentoglobigerina venezuelana (Hedberg, 1937) 
Plate 1, Figs. 16-23 
Globigerina venezuelana Hedberg, 1937, p. 681, pl. 92, fig. 72b.  
Globoquadrina venezuelana (Hedberg). Kennett, 1973, p. 615, pl. 9, figs 14-15; Kennett 
and Srinivasan, 1983, p. 180, pl. 44, figs. 5-7.  
“Globoquadrina” venezuelana (Hedberg). Pearson, 1995, p. 49, pl. 1, fig. 10. 
“Dentoglobigerina” venezuelana (Hedberg). Fox and Wade, 2013, p. 400, figs. 8.4-8.6, 
13.4. 
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-6H-2, 127-129.  
 
Genus Globigerina d’Orbigny, 1826 
Type species: Globigerina bulloides d’Orbigny, 1826 
 
Globigerina bulloides d’Orbigny, 1826 




Globigerina bulloides d’Orbigny, 1826, p. 3, pl. 1, figs. 1-4; Kennett, 1973, p. 599, pl. 1, 
figs. 12-14; Kennett and Vella, 1975, p. 784, pl. 1, figs. 1-4; Keller, 1978b, p. 
340, pl. 2, figs. 1-2; Chaisson and Leckie, 1993, p. 155, pl. 1, figs. 13-14.  
Globigerina (Globigerina) bulloides d’Orbigny. Kennett and Srinivasan, 1983, p. 36, pl. 
6, figs. 4-6.  
Globigerina parabulloides Blow. Keller, 1980, p. 827, pl. 1, figs. 1-2. 
Globigerina foliata Bolli, 1957. Keller, 1980, p. 827, pl. 1, figs. 5-6.     
Stratigraphic range. 1209A-10H-4, 27-29 to 1290A-1H-1, 27-29.  
Remarks. This species is highly variable at Hole 1209A. At certain times, the 
population is dominated by large specimens with wide apertures. This species is regarded 
as an upwelling indicator and high-productivity waters (e.g., Thiede and Jünger, 1992; 
Thunell and Sautter, 1992), and thus may record strong seasonality or major shifts in the 
Kuroshio Current Extension leading to increased upwelling at Hole 1209A.  
 
Globigerina falconensis Blow, 1959 
Plate 2, Figs. 3-4 
Globigerina falconensis Blow, 1959, p. 177, pl. 9, figs. 40a-c, 41; Kennett, 1973, p. 601, 
figs. 3-4; Kennett and Vella, 1975, p. 784, pl. 1, fig. 5; Keller, 1978b, p. 343, pl. 
3, figs. 1-2; Kennett and Srinivasan, 1983, p. 40, pl. 7, figs. 1-3.  
Stratigraphic range. 1209A-8H-CC to 1209A-1H-1, 27-29.  
 




Globigerina umbilicata Orr and Zaitzeff, 1971, p. 18, pl. 1, figs. 1-4; Keller, 1978b, p. 
340, pl. 2, figs. 10-11; Keller, 1980, p. 827, pl. 1, figs. 9-10; Kennett and 
Srinivasan, 1983, p. 38, pl. 6, figs. 7-9. 
Stratigraphic range. 1209A-4H-CC to 1209A-3H-3, 127-129.  
Remarks. We restrict usage of this name to specimens that look similar in 
appearance to G. bulloides but have 5-6 chambers in the final whorl with a very wide, 
open, umbilical aperture. 
 
Genus Globigerinella Cushman, 1927 
Type species: Globigerina aequilateralis Brady, 1879 
 
Globigerinella calida (Parker, 1962) 
Globigerina calida Parker, 1962, p. 221, pl. 1, figs. 9-13 and 15.  
Globigerinella calida (Parker). Kennett and Srinivasan, 1983, p. 240, pl. 60, figs. 7-9.  
Stratigraphic range. 1209A-6H-3, 77-79.  
Globigerinella obesa (Bolli, 1957) 
Plate 2, Figs. 10-11 
Globorotalia obesa Bolli, 1957, p. 119, pl. 29, figs. 2a-3.  
Globigerinella obesa (Bolli). Kennett and Srinivasan, 1983, p. 234, pl. 59, figs. 2-5; 
Chaisson and Leckie, 1993, p. 157, pl. 1, figs. 3-4.  
Globorotalia obesa (Bolli). Kennett, 1973, p. 601, pl. 2, fig. 2.  





Globigerinella siphonifera (d’Orbigny, 1839) 
Plate 2, Figs. 5-9 
Globigerina siphonifera d’Orbigny, 1839, p. 83.  
Globigerina aequilateralis Brady, 1879, p. 285 (figs in Brady, 1884, pl. 80, figs. 18-21).  
Hastigerina aequilateralis (Brady). Kennett, 1973, p. 615, pl. 9, figs. 1-5.  
Globigerinella aequilateralis (Brady). Kennett and Srinivasan, 1983, p. 238, pl. 60, figs. 
4-6; Chaisson and Leckie, 1993, p. 157, pl. 1, figs. 1-2. 
Globigerinella siphonifera (d’Orbigny). Pearson, p. 47, pl. 5, figs. 14, 15. 
Stratigraphic range. 1209A-8H-4, 77-79 to 1209A-1H-1, 27-29.  
 
Genus Globigerinoides Cushman, 1927 
Type species: Globigerina rubra d’Orbigny, 1839 
 
Globigerinoides bulloideus Crescenti, 1966 
Globigerinoides bulloideus Crescenti, 1966, p. 43, text fig. 8, nos. 3 and 3a, text fig. 9; 
Kennett and Srinivasan, 1983, p. 60, pl. 12, figs. 7-9.  
Stratigraphic range. 1209A-2H-3, 27-29.  
 
Globigerinoides conglobatus (Brady, 1879) 
Plate 2, Figs. 12-15 




Globigerinoides conglobatus (Brady). Kennett, 1973, p. 603, pl. 3, figs. 12, 14, 15; 
Kennett and Srinivasan, 1983, p. 58, pl. 12, figs. 4-6; Chaisson and Leckie, 1993, 
p. 157, pl. 2, fig. 8.  
Stratigraphic range. 1209A-10H-1, 77-79 to 1209A-1H-1, 27-29.  
 
Globigerinoides extremus Bolli and Bermudez, 1965 
Plate 2, Figs. 16-19 
Globigerinoides obliquus extremus Bolli and Bermudez, 1965, p. 139, pl. 1, figs. 10-12; 
Bolli and Saunders, 1985, p. 194, fig. 20.11.  
Globigerinoides extremus Bolli. Kennett and Srinivasan, 1983, p. 58, p. 12, figs. 1-3; 
Chaisson and Leckie, 1993, p. 158, pl. 2, fig. 3.  
Stratigraphic range. 1209A-9H-CC to 1209A-3H-4, 127-129.  
 
Globigerinoides obliquus Bolli, 1957 
Plate 2, Fig. 22 
Globigerinoides obliqua Bolli, 1957, p. 113, pl. 25, figs. 10a-c;  
Globigerinoides obliquus (Bolli). Kennett, 1973, p. 603, pl. 3, fig. 11, p. 605, pl. 4, figs. 
2-5; Kennett and Srinivasan, 1983, p. 56, pl. 11, figs. 7-9; Chaisson and Leckie, 
1993, p. 158, pl. 2, figs. 1-2. 
Not Globigerinoides obliquus (Bolli). Kennett, 1973, p. 603, pl. 3, fig. 13.  
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-3H-1, 77-79.  
 




Plate 2, Figs. 20-21 
Globigerinoides rubra d’Orbigny, 1839, p. 82, pl. 4, figs. 12-14.  
Globigerinoides ruber (d’Orbigny). Kennett and Srinivasan, 1983, p. 10, fig. 6; pl. 17, 
figs. 1-3.  
Globigerinoides ruber s.l. (d’Orbigny). Pearson, 1995, p. 48, pl. 5, fig. 4. 
Stratigraphic range. 1209A-7H-5, 27-29 to 1209A-1H-1, 27-29.  
 
Globigerinoides subquadratus Brönnimann, 1954 
Plate 3, Figs. 1-4 
Globigerinoides subquadratus Brönnimann, 1954 in Todd et al., 1954, p. 680, pl. 1, figs. 
8a-c; Kennett and Srinivasan, 1983, p. 74, pl. 16, figs. 1-3; Chaisson and Leckie, 
1993, p. 159, pl. 2, fig. 12.   
 Stratigraphic range. 1209A-10H-6, 77-79 to 1209A-10H-3, 27-29.   
 Remarks. Globigerinoides subquadratus has been considered a homeomorph of 
Gs. ruber by Chaisson and Leckie (1993), but here we regard it as a different species. As 
observed in the aforementioned study, a large stratigraphic gap separates Gs. 
subquadratus from Gs. ruber. At Hole 1209A, Gs. subquadratus is defined by its three 
tightly-coiled chambers in the final whorl, with one well to weakly developed 
supplementary aperture. The aperture itself is very circular. The sutures are depressed and 
straight, which makes a distinct ‘T’ shape across and directly below the aperture.  
 
Genus Globoquadrina Finlay, 1947 





Globoquadrina dehiscens (Chapman, Parr, and Collins, 1934) 
Plate 3, Figs. 9-10 
Globorotalia dehiscens Chapman, Parr, and Collins, 1934, p. 596, pl. 11, figs. 36a-c.  
Globoquadrina dehiscens (Chapman, Parr, and Collins). Kennett, 1973, p. 615, pl. 9, figs. 
9-13. Kennett and Srinivasan, 1983, p. 184, pl. 44, fig. 2; pl. 45, figs. 7-9; 
Hornibrook, 1989, fig. 28 14; Chaisson and Leckie, 1993, p. 159, pl. 9, figs. 14-
16; Pearson, 1995, p. 48, pl. 4, figs. 21, 24; Fox and Wade, 2013, p. 401, figs. 9.1-
9.3.  
Stratigraphic range. 1209A-10H-CC to 1209A-10H-5, 77-79.   
 
Globoquadrina conglomerata (Schwager, 1866) 
Plate 3, Figs. 5-8 
Globigerina conglomerata Schwager, 1866, p. 255, pl. 7, fig. 113; Parker, 1962, p. 240, 
pl. 6, figs. 11-18; Parker, 1967, p. 165, pl. 27, figs. 1-3.  
Globoquadrina pseudofoliata (Schwager). Parker, 1967, p. 170, pl. 27, figs. 1-3.  
Globoquadrina conglomerata (Schwager). Chaisson and Leckie, 1993, p. 159, pl. 9, fig. 
1. 
Stratigraphic range. 1209A-10H-3, 27-29 to 1209A-5H-4, 79-81.  
 
Genus Globorotaloides Bolli, 1957 





Globorotaloides hexagona (Natland, 1938) 
Globigerina hexagona Natland, 1938, p. 149, pl. 7, figs. 1a-c.  
Globorotaloides hexagona (Natland). Kennett, 1973, p. 635, pl. 19, figs. 4-6; Keller, 
1978b, p. 345, pl. 5, figs. 11-12; Kennett and Srinivasan, 1983, p. 216, pl. 54, figs. 
1, 3-5; Chaisson and Leckie, 1993, p. 163, pl. 9, fig. 4. 
Globorotaloides hexagonus (Natland). Fox and Wade, 2013, p. 401, fig. 13.2. 
Stratigraphic range. 1209A-10H-1, 27-29 to 1209A-2H-1, 27-29.  
 
Globorotaloides variabilis Bolli, 1957 
Globorotaloides variabilis Bolli, 1957, p. 117, pl. 27, figs. 15a-20c; Kennett and 
Srinivasan, 1983, p. 214, pl. 53, figs. 2, 6-8; Chaisson and Leckie, 1993, p. 164, 
pl. 9, fig. 3.  
Stratigraphic range. 1209A-6H-CC to 1209A-6H-4, 77-79.  
 
Genus Globoturborotalita Hofker, 1976 
Type species: Globigerina rubescens Hofker, 1956 
 
Globoturborotalita apertura Cushman, 1918 
Plate 3, Figs. 11-12 
Globigerina apertura Cushman, 1918, p. 57, pl. 12, figs. 8a-c; Kennett and Vella, 1975, 
p. 784, pl. 1, figs. 13-14; Chaisson and Leckie, 1993, p. 156, pl. 1, fig. 6.  
Globigerina (Zeaglobigerina) apertura Cushman. Kennett and Srinivasan, 1983, p. 44, 




Stratigraphic range. 1209A-10H-CC to 1209A-4H-CC.  
 
Globoturborotalita decoraperta (Takayanagi and Saito, 1962) 
Globigerina druryi Akers decoraperta Takayanagi and Saito, 1962, p. 85, pl. 28, figs. 
10a-c. 
Globigerina decoraperta Takayanagi and Saito. Kennett, 1973, p. 601, pl. 2, figs. 9-10; 
Kennett and Vella, 1975, p. 784, pl. 1, figs. 15-16; Kennett and Srinivasan, 1983, 
p. 48, pl. 9, figs. 4-6; Chaisson and Leckie, 1993, p. 156, pl. 1, fig. 7.  
Stratigraphic range: 1209A-10H-4, 77-79 to 1209A-7H-1, 127-129.  
 
Globoturborotalita druryi (Akers, 1955) 
Plate 3, Fig. 13 
Globigerina druryi Akers, 1955, p. 654, pl. 65, fig. 1; Kennett, 1973, p. 601, pl. 2, figs. 
15-16; Chaisson and Leckie, 1993, pl. 1, figs. 10-11.   
Globigerina (Zealobigerina) druryi Akers. Kennett and Srinivasan, 1983, p. 46, pl. 8, 
figs. 7-9.  
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-10H-1, 27-29.  
 
Globoturborotalita nepenthes (Todd, 1957) 
Plate 3, Figs. 14-16 
Globigerina nepenthes Todd, 1957, p. 301, figs. 7a-b; Kennett, 1973, p. 601, pl. 2, figs. 




Globigerina (Zeaglobigerina) nepenthes Todd. Kennett and Srinivasan, 1983, p. 48, pl. 9, 
figs. 1-3.  
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-7H-7, 27-29.  
 
Globoturborotalita rubescens (Hofker, 1956) 
Globigerina rubescens Hofker, 1956, p. 234, pl. 32, fi. 26; pl. 35, figs. 18-21.  
Globigerina (Zeaglobigerina) rubescens (Hofker) Kennett and Srinivasan, 1983, p. 50, 
pl. 9, figs. 7-9.  
Stratigraphic range: 1209A-2H-1, 77-79 to 1209A-1H-1, 27-29.  
 
Globoturborotalita woodi (Jenkins, 1960) 
Plate 3, Figs. 17-18 
Globigerina woodi Jenkins, 1960, p. 352, pl. 2, figs. 2a-c; Kennett, 1973, p. 601, pl. 2, 
figs. 5-8; Kennett and Vella, 1975, p. 784, pl. 1, figs. 9-12; Jenkins, 1978, p. 728, 
pl. 1, figs. 6, 7; Keller, 1981, p. 200, pl. 3, figs. o-n; Hornibrook, 1989, fig. 27 4a-
b; Chaisson and Leckie, 1993, p. 156, pl. 1, figs. 17, 18. 
Globigerina (Zeaglobigerina) woodi Jenkins. Kennett and Srinivasan, 1983, p. 43, pl. 7, 
figs. 4-6. 
Globigerina woodi woodi Jenkins. Basov et al., 1983, p. 839, pl. 11, figs. 1-4. 
Globigerina (Turborotalita) woodi woodi Jenkins. Chaproniere, 1988, p. 124, pl. 1, figs. 
1-15, pl. 2, figs. 15-26.  




Zeaglobigerina woodi (Jenkins). Li and McGowran, 2000, p. 45, fig. 20G; Stewart et al., 
2004, pl. A.2, figs. 12-14. 
Globigerina druryi Akers. Hooyberghs and De Meuter, 1972, p. 19, pl. 4, figs. 3a-c.  
Globoturborotalita woodi (Jenkins). Spezzaferri et al., 2018, p. 262-264, pl. 8.14, figs. 1-
17.  
Stratigraphic range: 1209A-11H-1, 77-79 to 1209A-2H-2, 77-79.  
Genus Orbulina d’Orbigny, 1839 
Type species: Orbulina universa d’Orbigny, 1839 
 
Orbulina suturalis Brönnimann, 1951 
Plate 3, Fig. 19 
Orbulina suturalis Brönnimann, 1951, p. 135, text fig. IV, figs 15, 15, 20; Kennett, 1973, 
p. 635, pl. 19, figs. 12-13, p. 637, pl. 20, figs. 1-6; Kennett and Srinivasan, 1983, 
p. 86, pl. 20, figs. 1-3; Hornibrook, 1989, fig. 28 1.  
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-1H-3, 127-129.  
 
Orbulina universa d’Orbigny, 1839 
Plate 3, Fig. 20 
Orbulina universa d’Orbigny, 1839, p. 3, pl. 1, fig. 1; Kennett, 1973, p. 637, pl. 20, fig. 
7; Kennett and Srinivasan, 1983, p. 86, pl. 18, fig. 2; pl. 20, figs. 4-6; Hornibrook, 
1989, fig. 28 2.  
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-1H-1, 27-29.  




Type species: Sphaeroidina bulloides d’Orbigny var. dehiscens Parker and Jones, 1865 
 
Sphaeroidinella dehiscens (Parker and Jones, 1865) 
Plate 4, Figs. 1-2 
Sphaeroidina bulloides d’Orbigny var. dehiscens Parker and Jones, 1865, p. 369, pl. 19, 
fig. 5.  
Sphaeroidinella dehiscens (Parker and Jones). Kennett, 1973, p. 639, pl. 21, figs. 2-6; 
Kennett and Srinivasan, 1983, p. 212, pl. 51, fig. 2; pl. 52, figs. 7-9.  
Stratigraphic range. 1209A-7H-2, 127-129 to 1209A-1H-1, 27-29.  
 
Genus Sphaeroidinellopsis Banner and Blow, 1959 
Type species: Globigerina seminulina Schwager, 1866 
 
Sphaeroidinellopsis kochi (Caudri, 1934) 
Plate 4, Figs. 9-12 
Globigerina kochi Caudri, 1934, p. 144, type figures in Ecolgae Geol. Helvetiae, Bd. 18, 
no. 2, tf. 8a-b.  
Sphaeroidinellopsis kochi (Caudri). Kennett and Srinivasan, 1983, p. 210, pl. 52, figs. 1-
3; Chaisson and Leckie, 1993, p. 166, pl. 10, figs. 10, 14, 18. 
Stratigraphic range. 1209A-10H-CC to 1209A-6H-3, 77-79.  
 
Sphaeroidinellopsis paenedehiscens Blow, 1969 




Sphaeroidinellopsis subdehiscens paenedehiscens Blow, 1969, p. 386, pl. 30, figs. 4-5, 9.  
Sphaeroidinellopsis paenedehiscens Blow. Kennett and Srinivasan, 1983, p. 210, pl. 52, 
figs. 4-6.  
Stratigraphic range. 1209A-8H-2, 27-29 to 1209A-3H-7, 27-29.  
 
Sphaeroidinellopsis seminulina (Schwager, 1866) 
Plate 4, Figs. 13-16 
Globigerina seminulina Schwager, 1866, p. 256, pl. 7, fig. 112.  
Sphaeroidinella seminulina (Schwager). Kennett, 1973, p. 639, pl. 21, fig. 7. 
Sphaeroidinellopsis seminulina seminulina (Schwager). Kennett and Srinivasan, 1983, p. 
206, 208, pl. 51, figs. 1, 6-8.  
Sphaeroidinellopsis seminulina (Schwager). Chaisson and Leckie, 1993, p. 166, pl. 10, 
figs. 8, 11-13. 
Sphaeroidinella dehiscens (Parker and Jones) subsp. subdehiscens Blow, 1959, p. 195, pl. 
12, figs. 71a-c.  
Sphaeroidinella subdehiscens Blow. Kennett, 1973, p. 639, pl. 21, figs. 8-10. 
Remarks: We agree with Srinivasan and Kennett (1981) Kennett and Srinivasan 
(1983) that based on the holotype images of Sa. dehiscens subdehicens, this species is not 
distinguishable from Ss. seminulina. Thus, we have synonymized the former species with 
the latter.  
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-6H-1, 27-29.  
Genus Trilobatus Spezzaferri et al., 2015 





Trilobatus sacculifer (Brady, 1877) 
Plate 4, Figs. 17-18 
Globigerina sacculifer Brady, 1877, p. 164, pl. 9, figs. 7-10.  
Globigerinoides quadrilobatus sacculifer (Brady). Kennett, 1973, p. 607, pl. 5, figs. 10-
13, p. 609, pl. 6, fig. 1, p. 613, pl. 8, figs. 11-14.  
Globigerinoides sacculifer (Brady). Kennett and Srinivasan, 1983; p. 66, pl. 14, figs. 4-6; 
Chaisson and Leckie, 1993, p. 159, pl. 2, fig. 16.  
Trilobatus sacculifer (Brady). Spezzaferri, Kucera, Pearson, Wade, Rappo, Poole, 
Morard, and Stalder, 2015.  
Stratigraphic range: 1209A-10H-6, 77-79 to 1209A-1H-1, 27-29.  
Remarks. In this study, we have stopped short of synonymizing T. sacculifer with 
T. trilobus, as we recognize these morphospecies are biostratigraphically important in 
other regions of the world ocean. However, at this site, we do not recognize a difference 
in ranges between the two, thus we have grouped T. trilobus with T. sacculifer. In 
addition, these two morphospecies have been shown to be genetically the same species 
(André et al., 2013), and we prefer to follow a more biological definition of species.  
 
Genus Turborotalita Blow and Banner, 1962 
Type species: Truncatulina humilis Brady, 1884 
 




Globigerina quinqueloba Natland, 1938, p. 149, pl. 6, figs. 7a-c; Kennett and Vella, 
1975; p. 786, pl. 2, figs. 2-6; Keller, 1978b, p. 343, pl. 3, figs. 3-6.  
Globigerina (Globigerina) quinqueloba Natland. Kennett and Srinivasan, 1983, p. 32, pl. 
5, figs. 4-6.  
“Globigerina” aff. “G.” quinqueloba Natland. Spezzaferri, 1994, pl. 9, figs. 1a-c.  
Turborotalita quinqueloba (Natland). Pearson and Wade, 2009, p. 209, pl. 7, figs. 1-6. 
Turborotalita cf. quinqueloba (Natland). Székely and Filipescu, 2016, pl. 2, fig. 14.  
Stratigraphic range: 1209A-7H-6, 127-129 to 1209A-1H-1, 27-29.  
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 
Family GLOBIGERINITIDAE Bermudez, 1961, revised Li, 1987; Pearson and Wade, 
2009 
Genus Globigerinita Brönnimann, 1951 
Type species Globigerinita naparimaensis Brönnimann, 1951 
 
Globigerinita glutinata (Egger, 1893) 
Plate 4, Figs. 19-20 
Globigerina glutinata Egger, 1893, p. 371, pl. 13, figs. 19-21; Rhumbler, 1911, p. 148, 
pl. 29, figs. 14-16, pl. 33, fig. 20, pl. 34, fig. 1.  
Globigerinita glutinata (Egger). Parker, 1962, p. 246, pl. 9, figs. 1-16; Keller, 1978b, p. 
343, pl. 3, figs. 7-9; Keller, 1980, p. 827, pl. 1, fig. 8; Kennett and Srinivasan, 




Chaisson and Leckie, 1993, p. 157, pl. 10, fig. 2; Spezzaferri, 1994, p. 62-63, pl. 
27, figs. 6a-c, pl. 28, figs. 1a-c; Pearson, 1995, p. 47, pl. 2, figs. 1-6; Pearson and 
Chaisson, 1997, p. 59-60, pl. 1, fig. 1; Pearson et al., 2001, pl. 4, figs. 5, 6, 9, 10; 
Li et al., 2003a, p. 20, pl. 2, figs. 4-5, pl. 6, fig. 30. 
Globigerinita glutinata glutinata (Egger). Fleisher, 1974, p. 1022, pl. 9, figs. 1-2. 
Stratigraphic range: 1209A-10H-CC to 1209A-1H-1, 27-29.  
 
Globigerinita uvula (Ehrenberg, 1861) 
Pylodexia uvula Ehrenberg, 1861, pl. 2, figs. 24-25.  
Globigerinita uvula (Ehrenberg). Parker, 1962, p. 252, pl. 8, figs. 14-26; Quilty, 1976, p. 
642, pl. 8, fig. 18; Keller, 1978b, p. 343, pl. 3, figs. 10-13; Kennett and 
Srinivasan, 1983, p. 224, pl. 56, figs. 6-8; van Eijden and Smit, 1991, p. 111; 
Chaisson and Leckie, 1993, p. 157, pl. 10, figs. 1, 7; Spezzaferri, 1994, p. 62, pl. 
27, figs. 5a-c; Pearson, 1995, p. 47, pl. 1, fig. 21-22. 
Globigerinita juvenilis (Bolli)/Globigerinita uvula (Ehrenberg) transitional form. 
Spezzaferri, 1994, pl. 27, figs. 3a-c, figs. 4a-c.  
Stratigraphic range: 1209A-1H-1, 27-29.  
 
Genus Tenuitella Fleisher, 1974, emended Li, 1987 
Type species Globorotalia gemma Jenkins, 1966 
 
Tenuitella iota (Parker, 1962) 




Globigerinita iota Parker, 1962, p. 250, pl. 10, figs. 26-30.  
Stratigraphic range: 1209A-2H-CC to 1209A-1H-1, 77-79. 
Remarks: This species has a glutinata-like microperforate texture and a 
globorotaliiform morphology as described by Pearson et al. (2018).  
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 
Family GLOBOROTALIIDAE Blow, 1979 
Genus Globoconella Bandy, 1975 
Type species Globorotalia conomiozea Kennett, 1966 
 
Globoconella conomiozea (Kennett, 1966) 
Plate 5, Figs. 3-14 
Globorotalia conomiozea Kennett, 1966, p. 235, figs. 10a-c; Kennett, 1973, p. 631, pl. 
17, figs. 4-13; Kennett and Vella, 1975, p. 795, pl. 6, fig. 13-16, p. 797, pl. 7, figs. 
1-5; Hornibrook, 1982, p. 90, figs. 4j-o; Cifelli and Scott, 1986, p. 33, fig. 13h; 
Hornibrook, 1989, fig. 29 1a-c.  
Globorotalia conomiozea conomiozea Kennett. Hornibrook, 1982, p. 91, figs. 4j-o.  
Globorotalia (Globoconella) conomiozea Kennett. Kennett and Srinivasan, 1983, p. 114, 
pl. 26, figs. 7-9. 
Globorotalia c.f. conomiozea Kennett. Kennett and Vella, 1975, p. 793, pl. 5, fig. 3; 
Jenkins and Srinivasan, 1986, p. 831, pl. 2, fig. 8; Hornibrook, 1989, fig. 29 7a-c.  




Globorotalia (Globoconella) sphericomiozea (Walters). Kennett and Srinivasan, 1983, p. 
116, pl. 27, figs. 1-3.  
Globorotalia conoidea Walters, 1965. Vincent, 1975, p. 795, pl. 2, fig. 20; Hornibrook, 
1982, p. 90, figs. 4p-r, p. 92, fig. 5aa-cc.   
Globorotalia miotumida Jenkins. Scott et al., 1990, p. 56, fig. 27D-F; fig. 28A-I. 
?Globorotalia miozea Finlay subsp. spheriocomiozea Walters, 1965, p. 125, figs. 8q-s. 
Globorotalia puncticulata x conomiozea. Kennett and Vella, 1975, p. 795, pl. 6, figs. 10-
12. 
Stratigraphic range: 1209A-8H-3, 27-29 to 1209A-6H-4, 127-129.  
Remarks. There has been confusion in the literature over the difference between G. 
conomiozea and. miotumida (which has previously been synonymized with G. conoidea) 
(e.g., Vincent, 1975). The type description of G. conomiozea states that this species 
includes a strongly vaulted umbilical side (Kennett, 1966). However, G. miotumida can 
become gradational with G. conomiozea, especially when it lacks secondary calcite, 
which makes the keel more pronounced and becomes strongly vaulted on the umbilical 
side. To differentiate these two species, we project a line from either side of the shell on 
the ventro-conical view. If the angle made between these lines is less than 90˚, the 
species is called G. conomiozea. Specimens with a ventro-conical angle equal to or greater 
than 90˚ are assigned to G. miotumida. In other words, G. conomiozea is more highly 
vaulted on its umbilical side than G. miotumida. Other defining features of G. 
conomiozea include 4-5 chambers in the final whorl, with a subangular to angular 
peripheral margin. This species typically always has a keel around the entire periphery, 




cases, visible on all or part of the last chamber. We have also included within this species 
concept a specimen illustrated by Walters (1965) of Globoconella sphericomiozea, as this 
specimen seems to include a keel on the last chamber. This species has herein 
synonymized with Globoconella puncticulata (see ‘Remarks’ section under Globoconella 
puncticulata for a more thorough discussion).  
 
Globoconella inflata (d’Orbigny, 1839) 
Plate 6, Figs. 20-22; Plate 7, Figs. 1-4, 8-9 
Globigerina inflata d’Orbigny, 1839, p. 134, pl. 12, figs. 7-9.  
Globorotalia inflata (d’Orbigny). Kennett, 1973, p. 633, pl. 18, figs. 12-16; Kennett and 
Vella, 1975, p. 793, pl. 5, figs. 9-10, 13-16; Keller, 1978b, p. 344, pl. 4, figs. 7-9; 
Keller, 1980, p. 831, pl. 3, figs. 1-3, 5-8, 9-10; Hornibrook, 1982, p. 93, figs. 5g-j; 
Cifelli and Scott, 1986, p. 47, fig. 19a-b; Hornibrook, 1989, fig. 29 4a-b.  
Globorotalia (Globoconella) inflata (d’Orbigny). Kennett and Srinivasan, 1983, p. 118, 
pl. 27, figs. 7-9.  
Globorotalia inflata inflata (d’Orbigny). Scott et al., 1990, p. 85-88, fig. 44. 
Globorotalia inflata praeinflata Maiya, Saito, and Sato, 1976, p. 408-409, figs. 7a-c; 
Keller, 1980, p. 831, pl. 3, fig. 4.   
Not Globorotalia inflata (d’Orbigny). Kennett and Vella, 1975, p. 795, pl. 6, figs. 1-2, 
11-12.   
Remarks. In early forms, G. inflata is morphologically very similar to G. 
puncticulata. We differentiate the former species by having a rounded periphery, 




periphery on the last chamber. Globoconella inflata is characterized by having 3-4 
chambers in the final whorl, with early forms more susceptible to having 4-3.5 chambers. 
In its later, more evolved form, populations are dominated by 3-chambered forms. 
Surface texture is also variable, as early forms have a more pustulose texture, and later 
forms having a very smooth texture, especially on the last chamber. We have syonymized 
G. praeinflata (Maiya, Saito, and Sato) with G. inflata because the holotype is a 4-
chambered form with a very rounded peripheral margin on the last chamber, thus making 
it a G. inflata.  
Stratigraphic range: 1209A-6H-2, 127-129 to 1209A-1H-1, 27-29.  
 
Globoconella miotumida (Jenkins, 1960) 
Plate 5, Figs. 15-23; Plate 6, Figs. 1-5, 10 
Globorotalia menardii (d’Orbigny) miotumida Jenkins, 1960, p. 362, pl. 4, fig. 9a-c.  
Globorotalia miotumida Jenkins. Hornibrook, 1989, fig. 28 5e-f; Scott et al., 1990, p. 51-
55, fig. 27, fig. 30G-I.  
Globorotalia miotumida Jenkins. Jenkins and Srinivasan, 1986, p. 832, pl. 3, figs. 12-14, 
pl. 4, figs. 1-3.  
Globorotalia miozea Finlay conoidea Walters, 1965, p. 124, figs. 8i-m; Kennett, 1973, p. 
629, pl. 16, figs. 4-11, p. 631, pl. 17, figs. 1-3.  
Globorotalia conoidea Walters. Kennett and Vella, 1975, p. 797, pl. 7, figs. 6-8 Keller, 
1980, p. 833, pl. 4, fig. 1; Hornibrook, 1982, p. 91, figs. p-z; Cifelli and Scott, 




Globorotalia (Globoconella) conoidea Walters. Kennett and Srinivasan, 1983, p. 112, pl. 
26, figs. 4-6.  
Globorotalia miotumida conoidea Walters. Hornibrook, 1989, fig. 28 5a-d.  
Globorotalia (Globoconella) conomiozea Kennett subsp. subconomiozea Bandy, 1975, p. 
56, pl. 1, figs. 1-2. 
Globorotalia subconomiozea Bandy. Scott et al., 1990, p. 66-68, fig. 34.  
Globorotalia miotumida Jenkins. Scott et al., 1990, p. 56, fig. 27A-C; fig. 27G-I. 
Globorotalia c.f. conomiozea (Kennett). Kennett and Vella, 1975, p. 791, pl. 4, figs. 15-
16, p. 793, pl. 5, fig. 1.   
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-6H-3, 77-79.  
Remarks. Following Cifelli and Scott (1986) and Scott et al. (1990), we consider 
G. conoidea synonymized with G. miotumida. These species are indistinguishable from 
one another, as G. miotumida can become encrusted with a secondary layer of calcite 
which obscures the keel on earlier chambers. We recognize Globoconella miotumida by 
its less conical spiral side and lower angle made by the slope of the last chamber. The 
peripheral margin is very angular, especially on the last chamber. This species almost 
always has a keel around the entirety of its periphery, but this feature is commonly 
obscured by secondary calcification. On specimens where this is the case, the keel is 
visible on the last chamber. This species is quite gradational with G. conomiozea (see 
‘Remarks’ under ‘Globoconella conomiozea’ for a more thorough discussion).  
We have also synonymized Globoconella conomiozea subconomiozea with G. 
miotumida, as we see no recognizable difference between these two species either in the 





Globoconella triangula (Theyer, 1973) 
Plate 7, Figs. 5-7 
Globorotalia inflata triangula Theyer, 1973, p. 199, pl. 27, figs. 1-2, 5.  
Globorotalia inflata triangula Theyer. Scott et al., 1990, p. 90-91, fig. 46.  
Remarks. This species was rare at Hole 1209A, but is markedly different from G. 
inflata, for which is has previously been a subspecies of. In the northwest Pacific, G. 
triangula is characterized by having 3 tightly coiled chambers in the final whorl, a flat to 
very low trochospire, and a very smooth test comparable to that of G. inflata in its later, 
more evolved forms. However we note this species can have a more pustulose texture as 
illustrated by Scott et al. (1990). Umbilical chambers are highly vaulted which gives the 
species a very triangular outline in side view. Because these forms differ so markedly 
from G. inflata, we have elevated G. triangula to a species status.  
Stratigraphic range: 1209A-6H-3, 77-79 to 1209A-2H-1, 127-129.  
 
Globoconella puncticulata (Deshayes, 1832) 
Plate 6, Figs. 6-8, 11-19 
Globigerina puncticulata Deshayes, 1832, p. 170; Banner and Blow, 1960, p. 15, pl. 5, 
figs. 7a-c.  
Globorotalia (Globoconella) puncticulata (Deshayes). Kennett and Srinivasan, 1983, p. 
116, pl. 27, figs. 4-6.  
Globorotalia puncticulata (Deshayes). Kennett, 1973, p. 633, pl. 18, figs. 2-11; Keller, 




Scott, 1986, p. 47, fig. 19c-d; Hornibrook, 1989, fig. 29 3a-b; Scott et al., 1990, p. 
81-83, fig. 42, p. 80, fig. 40G-I. 
Globorotalia puncticulata x conomiozea (Deshayes). Kennett and Vella, 1975, p. 795, pl. 
6, figs. 7-9.  
Globorotalia inflata (Deshayes). Kennett and Vella, 1975, p. 793, pl. 5, figs. 11-12; 
Hornibrook, 1982, figs. 5g-j.   
Globorotalia puncticulata puncticuloides (Deshayes). Hornibrook, 1981, p. 274, fig. 7b, 
7h-I, p. 275, fig. 8a-h. 
Globorotalia miozea Finlay subsp. spheriocomiozea Walters, 1965, p. 125, figs. 8n-q.  
Globorotalia sphericomiozea (Walters, 1965). Cifelli and Scott, 1986, p. 47, fig. 19f. 
Globorotalia miozea sphericomiozea Walters, 1965, p. 126, figs. 8n-p. 
Globorotalia sphericomiozea Walters. Hornibrook, 1982, p. 95, figs. 5r-z; Cifelli and 
Scott, 1986, p. 47, fig. 19e, 19g-h; Hornibrook, 1989, fig. 29 2a-d.   
Globorotalia puncticulata sphericomiozea (Walters). Scott et al., 1990, p. 77-79, fig. 
40A-I.  
Remarks: This species is very distinct during its first appearance at Hole 1209A, 
as it differs greatly from G. conomiozea by the complete lack of a keel. This species is 
also characterized by having 4 chambers in the final whorl, a subangular to subrounded 
periphery on the final chamber, and the spiral side being flat to very low trochospiral. 
The aperture is an arch, which can have an indistinct lip or rim. In its later forms at the 
end of its range, G. puncticulata becomes quite gradational with G. inflata. When this 




peripheral margin: G. inflata is very rounded, whereas G. puncticulata is subangular to 
subrounded.  
We have synonymized G. sphericomiozea with G. puncticulata as there is a lack 
of clear differentiation between these two species. Walters (1965) described the species 
as having an ‘axial periphery bluntly rounded’ and ‘more angular on later chambers’. 
This description, along with the holotype images, are indistinguishable from forms of G. 
puncticulata, as they include a subrounded to subangular periphery. One image of a G. 
sphericomiozea specimen from Walters (1965) appears to have a visible keel on the last 
chamber with more vaulted umbilical chambers. This specimen has tentatively been 
reassigned to G. conomiozea.  In Malmgren and Kennett’s (1981) work on Miocene to 
Pleistocene globoconellid shape measurements, there is considerable overlap in some 
metrics between G. puncticulata and G. sphericomiozea, whereas other metrics (e.g., 
mean roundness of periphery and mean apertural shape) are distinct between the two 
species. However we do not consider these metrics to be robust enough to split G. 
puncticulata from G. sphericomiozea, as the apertural shape and roundness of periphery 
are too variable among the specimens to successfully split one from the other. 
Importantly, in the isotope paleoecological study of Schneider and Kennett (1996; 1999), 
the only species to not exhibit consistent isotopic offsets indicating depth parapatry were 
G. sphericomiozea and G. puncticulata. This is additional evidence that these 
morphotypes are indeed on species that has been over-split.  
 Another problematic species is Globoconella puncticulata puncticuloides. The 
lectotype image of Gc. puncticulata indicates the species has a slightly pinched margin 




puncticuloides in Hornibrook (1981) exhibits a four-chambered specimen with a strongly 
compressed final chamber. Paratypes of the species show a wide range of forms, some of 
which overlap in morphology with the lectotype of G. puncticulata. Because of the high 
degree of overlap among the lectotype of Gc. puncticulata and holotypes and paratypes 
of G. puncticuloides, it is apparent that this subspecies is not well-defined. Here, we 
reassigned paratype images of G. puncticuloides that include specimens with a 
subangular to subrounded periphery to G. puncticulata so as to make a clearer distinction 
between these two species.  
Stratigraphic range: 1209A-7H-4, 127-129 to 1209A-2H-1, 127-129.  
 
Genus Globorotalia Cushman, 1927 
Type species Pulvinulina menardii var. tumida Brady, 1877 
 
Globorotalia bermudezi Rögl and Bolli, 1973 
Globorotalia bermudezi Rögl and Bolli, 1973, p. 567, pl. 6, figs. 16-20; pl. 16, figs. 1-3; 
text figs. 6a-c.  
Globorotalia (Hirsutella) bermudezi Rögl and Bolli. Kennett and Srinivasan, 1983, p. 
140, pl. 33, figs. 4-6.  
Stratigraphic range: 1209A-6H-2, 127-129 to 1209A-1H-5, 77-79.  
 
Globorotalia cibaoensis Bermudez, 1949 




Globorotalia cibaoensis Bermudez, 1949, p. 285, pl. 22, figs. 21-23; Kennett, 1973, p. 
619, pl. 11, figs. 13-14; Chaisson and Leckie, 1993, p. 160, pl. 6, figs. 12-14 and 
19.  
Globorotalia (Hirsutella) cibaoensis Bermudez. Kennett and Srinivasan, 1983, p. 136, pl. 
32, figs. 1-3.  
Stratigraphic range: 1209A-8H-CC to 1209A-7H-5, 27-29.  
 
Globorotalia crassaformis (Galloway and Wissler, 1927) 
Plate 7, Figs. 13-14, 18-23; Plate 8, Figs. 1-5, 10 
Globigerina crassaformis Galloway and Wissler, 1927, p. 41, pl. 7, fig. 12.  
Globorotalia (Truncorotalia) crassaformis (Galloway and Wissler). Kennett and 
Srinivasan, 1983, p. 146, pl. 34, figs. 6-8.  
Globorotalia crassaformis (Galloway and Wissler). Kennett, 1973, p. 625, pl. 14, figs. 7-
14; Hornibrook, 1982, p. 93, figs. 6d-fw; Cifelli and Scott, 1986, p. 50, fig. 20a-b, 
20d-e, 20i-j; Hornibrook, 1989, fig. 29 10a-c, fig. 30 1a-c; Scott et al., 1990, p. 
118-121, fig. 62; Pearson, 1995, p. 49, pl. 4, fig. 17.  
Globorotalia crassaformis oceanica Cushman and Bermudez. Keller, 1978b, p. 344, pl. 
4, figs. 1-3. 
Globorotalia crassaformis ronda Blow. Keller, 1978b, p. 344, pl. 4, figs. 4-6; Cifelli and 
Scott, 1986, p. 50, fig. 20c; p. 56, fig. 23k-l.   
Globorotalia crassaformis crassaformis (Galloway and Wissler) Bolli and Saunders, 




Globorotalia aff. crassaformis (Galloway and Wissler). Cifelli and Scott, 1986, p. 50, fig. 
20f-h. 
Globorotalia c.f. puncticulata (Deshayes). Kennett and Vella, 1975, p. 791, pl. 4, figs. 
11-12.   
Remarks: In this study, we do not recognize the different subspecies of Gr. 
crassaformis (e.g., Gr. viola, Gr. ronda, Gr. oceanica). But determining if these 
subspecies are actually valid are outside the scope of this study, so we refrain from 
completely synonymizing them with Gr. crassaformis. Instead, we apply a wide range of 
intra-species variability to the Gr. crassaformis species.  
Remarks. This species is characterized by having 4.5-4 chambers in the final 
whorl, a subangular to angular peripheral margin. Most forms do not have a keel, but 
others can develop an indistinct keel or imperforate band, the latter of which is more 
common. The most defining feature of this species is its flattened apertural face and slit-
like aperture, which can sometimes develop an indistinct rim or lip.  
Stratigraphic range: 1209A-7H-1, 77-79 to 1209A-1H-1, 27-29.  
 
Globorotalia crassula Cushman and Stewart, 1930 
Plate 8, Figs. 6-9, 11-12 
Globorotalia crassula Cushman and Stewart, 1930, p. 77, pl. 7, figs. 1a-c; Hornibrook, 
1982, p. 93, figs. 5e-f; Cifelli and Scott, 1986, p. 53, fig. 22a-b, 22f-i; Hornibrook, 
1989, fig. 30 2a-c; Scott et al., 1990, p. 132-135, fig. 68.   
Globorotalia (Truncorotalia) crassula (Cushman and Stewart). Kennett and Srinivasan, 




Globorotalia crassula viola Blow. Cifelli and Scott, 1986, p. 53, fig. 22c-d.  
Stratigraphic range: 1209A-4H-1, 27-29 to 1209A-1H-3, 127-129.  
 
Globorotalia hirsuta (d’Orbigny, 1839) 
Plate 8, Figs. 13-18 
Rotalina hirsuta d’Orbigny, 1839, p. 131, pl. 1, figs. 34-36; Banner and Blow, 1960, p. 
33, pl. 5, fig. 4.  
Globorotalia (Hirsutella) hirsuta (d’Orbigny). Kennett and Srinivasan, 1983, p. 138, pl. 
32, figs. 7-9.  
Globorotalia hirsuta (d’Orbigny). Keller, 1980, p. 831, pl. 3, fig. 16; Cifelli and Scott, 
1986, p. 31, fig. 12f-g; Hornibrook, 1989, fig. 30 7a-c; Scott et al., 1990, p. 110-
112, fig. 113.  
Stratigraphic range: 1209A-2H-1, 127-129 to 1209A-1H-1, 77-79.  
 
Globorotalia juanai Bermudez and Bolli, 1969 
Globorotalia juanai Bermudez and Bolli, 1969, p. 171-172, pl. 14, figs. 1-6; Keller, 
1980, p. 833, pl. 4, fig. 5; Hornibrook, 1982, p. 93, figs. 6aa-cc; Bolli and 
Saunders, 1985, p. 216, figs. 30.20-21a-c; Cifelli and Scott, 1986, p. 40, fig. 16p-
r;  Hornibrook, 1989, fig. 28 12a-c; Scott et al., 1990, p. 114-116, fig. 60; 
Chaisson and Leckie, 1993, p. 161, pl. 6, figs. 17-18.   
Globorotalia (Hirsutella) juanai Bermudez and Bolli. Kennett and Srinivasan, 1983, p. 
134, pl. 31, figs. 6-8.  





Globorotalia limbata (Fornasini, 1902) 
Plate 8, Figs. 19-20 
Rotalina limbata Fornasini, 1902, p. 56, tf. 55; Banner and Blow, 1960, p. 30-31, pl. 5, 
fig. 3. 
Globorotalia (Menardella) limbata (Fornasini). Kennett and Srinivasan, 1983, p. 124, pl. 
29, figs. 4-6. 
Globorotalia limbata (Fornasini). Chaisson and Leckie, 1993, p. 161, pl. 5, fig. 10. 
Stratigraphic range. 1209A-7H-5, 27-29 to 1209A-4H-4, 77-79.  
 
Globorotalia margaritae Bolli and Bermudez, 1965 
Plate 8, Figs. 21-26 
Globorotalia margaritae Bolli and Bermudez, 1965, p. 139, pl. 1, figs. 16-18; Bolli and 
Bermudez, 1978, p. 138, pl. 1, figs. 1-9. 
Globorotalia (Hirsutella) margaritae Bolli and Bermudez. Kennett and Srinivasan, 1983, 
p. 136, pl. 32, figs. 4-6.  
Globorotalia margaritae Bolli and Bermudez. Kennett, 1973, p. 619, pl. 11, figs. 10-12; 
Hornibrook, 1982, p. 93, fig. 6dd; Bolli and Saunders, 1985, p. , fig. ; Cifelli and 
Scott, 1986, p. 31, fig. 12h-j; Scott et al., 1990, p. 104-106, fig. 54; Chaisson and 
Leckie, 1993, p. 161, pl. 6, figs. 5-9.  
Stratigraphic range. 1209A-8H-CC to 1209A-1209A-6H-CC.  
 




Plate 9, Figs. 1-2 
Rotalia menardii Parker, Jones, and Brady, 1865, p. 20, pl. 3, fig. 81, p. 260-261, pl. 1, 
figs. 1a-c.  
Globorotalia (Menardella) menardii (Parker, Jones, and Brady). Kennett and Srinivasan, 
1983, p. 124, pl. 28, fig. 2; pl. 29, figs. 1-3.  
Globorotalia menardii (Parker, Jones, and Brady). Kennett, 1973, p. 621, pl. 12, figs. 1-
9; Hornibrook, 1982, p. 93, fig. 7l; Bolli and Saunders, 1985, p. 220, 34.1-10; 
Cifelli and Scott, 1986, p. 37, fig. 14g-j; Hornibrook, 1989, fig. 28 9a-c; Scott et 
al., 1990, p. 74-76, fig. 38. 
 Globorotalia menardii (Parker, Jones, and Brady) s.l. Chaisson and Leckie, 1993, p. 161, 
p. 5, figs. 7-9, 15.  
Stratigraphic range. 1209A-11H-1, 77-79 to 1209A-1H-1, 27-29.  
 
Globorotalia merotumida Banner and Blow, 1965 
Plate 9, Figs. 3-5 
Globorotalia merotumida Banner and Blow, 1965, p. 1352, fig. 1; Keller, 1980, p. 833, 
pl. 4, figs. 11-12; Bolli and Saunders, 1985, p. 227, fig. 33.7; Cifelli and Scott, 
1986, p. 44, fig. 18b, f; Chaisson and Leckie, 1993, p. 161, pl. 7, figs. 11-15.  
Globorotalia (Globorotalia) merotumida Banner and Blow. Kennett and Srinivasan, 
1983, p. 154, pl. 37, figs. 4-6.  
Globorotalia plesiotumida Blow and Banner, 1965. Cifelli and Scott, 1986, p. 44, fig. 
18c, g.  





Globorotalia plesiotumida Blow and Banner, 1965 
Plate 9, Figs. 6-8 
Globorotalia plesiotumida, Blow and Banner, 1965, p. 1353, figs. 2a-c; Bolli and 
Saunders, 1985, p. 227, fig. 33.5; Chaisson and Leckie, 1993, p. 162, pl. 7, figs. 1-
2, 6-10; Pearson, 1995, p. 49, pl. 4, fig. 16.  
Globorotalia (Globorotalia) plesiotumida Banner and Blow. Kennett and Srinivasan, 
1983, p. 156, pl. 37, figs. 7-9.  
Stratigraphic range: 1209A-10H-CC to 1209A-6H-CC.  
 
Globorotalia pseudomiocenica Bolli and Bermudez, 1965 
Globorotalia pseudomiocenica Bolli and Bermudez, 1965, p. 140-141, pl. 1, figs. 13-15; 
Chaisson and Leckie, 1993, p. 162-163, pl. 5, figs. 1-4.  
Stratigraphic range: 1209A-6H-CC to 1209A-4H-4, 77-79.  
 
Globorotalia scitula (Brady, 1882) 
Plate 9, Figs. 11-14, 16-17 
Pulvinulina scitula Brady, 1882, p. 716, figures in Brady, 1882, pl. 103, figs. 7a-c; 
Banner and Blow, 1960, p. 27, pl. 5, figs. 5.  
Globorotalia (Hirsutella) scitula (Brady) Kennett and Srinivasan, 1983, p. 134, pl. 31, 
figs. 1, 3-5.  
Globorotalia scitula (Brady). Kennett, 1973, p. 619, pl. 11, figs. 15-16; Keller, 1978b, p. 




p. 40, fig. 16f-h, 16k-o; Hornibrook, 1989, fig. 28 11a-c; Scott et al., 1990, p. 100-
102, fig. 52; Chaisson and Leckie, 1993, p. 163, pl. 4, fig. 6, pl. 6, figs. 15-16.  
Stratigraphic range: 1209A-8H-CC to 1209A-1H-1, 27-29.  
 
Globorotalia theyeri Fleischer, 1974 
Plate 9, Figs. 18-20 
Globorotalia theyeri Fleischer, 1974, p. 1028, pl. 12, fig. 9; pl. 13, figs. 1-5.  
Globorotalia (Hirsutella) theyeri Fleischer. Kennett and Srinivasan, 1983, p. 140, pl. 33, 
figs. 1-3.  
Stratigraphic range: 1209A-8H-4, 77-79 to 1209A-1H-1, 27-29.  
 
Globorotalia tosaensis Takayanagi and Saito, 1962 
Plate 9, Figs. 21-23; Plate 10, Figs. 1-4, 7-8 
Globorotalia tosaensis Takayanagi and Saito, 1962, p. 81, pl. 28, figs. 11a-12c; Kennett, 
1973, p. 627, pl. 15, figs. 1-4; Keller, 1978b, p. 345, pl. 5, figs. 1-3; Keller, 1980, 
p. 831, pl. 3, fig. 15; Hornibrook, 1982, p. 95, fig. 6ff; Cifelli and Scott, 1986, p. 
56, fig. 23e-j; Hornibrook, 1989, fig. 30 5a-c; Chaisson and Leckie, 1993, p. 163, 
pl. 6, figs. 1-2.  
Globorotalia (Truncorotalia) tosaensis Takayanagi and Saito. Kennett and Srinivasan, 
1983, p. 148, pl. 35, figs. 1-3.  
Globorotalia tosaensis tosaensis (Takayanagi and Saito) Bolli and Saunders, 1985, p. 




Globorotalia truncatulinoides tosaensis Takayanagi and Saito. Scott et al., 1990, p. 123-
126, fig. 64.  
Stratigraphic range: 1209A-6H-1, 77-79 to 1209A-1H-5, 27-29.  
 
Globorotalia truncatulinoides (d’Orbigny, 1839) 
Plate 10, Figs. 5-6, 9-18 
Rotalia truncatulinoides d’Orbigny, 1839, p. 132, pl. 2, figs. 25-27.  
Globorotalia truncatulinoides (d’Orbigny). Kennett, 1973, p. 629, pl. 16, figs. 1-3; 
Keller, 1980, p. 831, pl. 3, figs. 13-14; Hornibrook, 1982, p. 95-97, fig. 6ee; 
Cifelli and Scott, 1986, p. 56, fig. 23a-d; Hornibrook, 1989, fig. 30 6a-d; Chaisson 
and Leckie, 1993, p. 163, pl. 6, figs. 3-4.  
Globorotalia (Truncorotalia) truncatulinoides (d’Orbigny). Kennett and Srinivasan, 
1983, p. 148, pl. 34, fig. 2; pl. 35, figs. 4-6.  
Globorotalia truncatulinoides truncatulinoides (d’Orbigny). Bolli and Saunders, 1985, p. 
234, fig. 37.4-37.5; Scott et al., 1990, p. 128-130, fig. 66A-C, 66G-I.  
Not Globorotalia truncatulinoides truncatulinoides (d’Orbigny). Scott et al., 1990, fig. 
66D-F.   
Stratigraphic range. 1209A-4H-4, 77-79 to 1209A-1H-1, 27-29.  
 
Globorotalia tumida (Brady, 1877) 
Plate 9, Figs. 9-10, 15 
Pulvinulina menardii (d’Orbigny) var. tumida Brady, 1877, p. 535, type fig. in Brady, 




Globorotalia tumida (Brady). Kennett, 1973, p. 621, pl. 12, figs. 12-16; Keller, 1980, p. 
833, pl. 4, figs. 9-10; Hornibrook, 1982, p. 97, fig. 7k; Cifelli and Scott, 1986, p. 
44, fig. 18d, h; Hornibrook, 1989, fig. 29 9a-b; Chaisson and Leckie, 1993, p. 
163, pl. 7, figs. 1-3.  
Globorotalia (Globorotalia) tumida tumida (Brady). Kennett and Srinivasan, 1983, p. 
158, pl. 36, figs. 1, 2; pl. 38, figs. 1-3.  
Stratigraphic range: 1209A-8H-3, 127-129 to 1209A-1H-1, 27-29.  
 
Genus Neogloboquadrina Bandy, Frerichs, and Vincent, 1967 
Type species Globigerina dutertrei d’Orbigny, 1839 
 
Neogloboquadrina acostaensis (Blow, 1959) 
Plate 11, Figs. 1-2 
Globorotalia acostaensis Blow, 1959, p. 208, pl. 17, figs. 106a-c; Kennett, 1973, p. 617, 
pl. 10, figs. 10-13.  
Neogloboquadrina acostaensis (Blow). Kennett and Srinivasan, 1983, p. 196, pl. 47, fig. 
1, pl. 48, figs. 1-3; Chaisson and Leckie, 1993, p. 164, pl. 8, fig. 5.  
Stratigraphic range. 1209A-8H-CC to 1209A-1H-5, 77-79.  
 
Neogloboquadrina atlantica (Berggren, 1972) 
Plate 11, Figs. 3-8 




Neogloboquadrina atlantica (Berggren). Poore and Berggren, 1975; Dowsett and Ishman, 
1995, p. 156, pl. 3, 4-5; Dowsett and Robinson, 2007, p. 122, pl. 3, figs. 7-8.  
Gloqoquadrina asanoi Maiya, Saito, and Sato, 1976, p. 414, pl. 3, figs. 1-3; p. 418, pl. 5, 
figs. 1-2.  
Remarks. Berggren (1972) designated a 5-chambered specimen as the holotype of 
N. atlantica and indicated this species commonly has 4-5 chambers with a variable 
aperture shape and size. In the northwest Pacific subtropics, this is also true of N. 
atlantica specimens. In addition, we find that shells are variable, from moderately high-
spired to very low-spired. At Hole 1209A, this this species dominantly has 4 to 4.5 
chambers, with rare instances of 5 chambered forms. The aperture is aperture umbilical-
extraumbilical. We agree with Berggren that this species is highly variable but is 
distinguished from N. pachyderma by its larger size, more open and deep aperture, and 
often lack of an apertural rim (although some specimens do exhibit an indistinct rim). We 
have synonymized N. asanoi with N. atlantica as these two species are indistinguishable. 
Maiya, Saito, and Sato (1976) included a four-chambered form with an umbilical-
extraumbilical aperture, with paratypes exhibiting 5 chambers. These forms are slightly 
high trochospiral. The holotype and paratype images of N. atlantica show 4 to 5 
chambered forms with moderate to low trochospiral, with apertures that are open and 
variable but always are umbilical-extraumbilical. It is our belief that these two species are 
so variable with respect to aperture size and shape and trochospire height that they cannot 
possibly be split into two distinct morphospecies.  





Neogloboquadrina dutertrei (d’Orbigny, 1839) 
Plate 11, Figs. 9-10, 12-15 
Globigerina dutertrei d’Orbigny, 1839, p. 84, pl. 4, figs. 19-21; Banner and Blow, 1960, 
pl. 2, fig. 1.  
Globorotalia dutertrei (d’Orbigny). Kennett, 1973, p. 617, pl. 10, figs. 5-7.  
Neogloboquadrina dutertrei (d’Orbigny). Parker, 1962, p. 243, pl. 7, figs. 1-13, p. 245, 
pl. 8, figs. 1-4; Keller, 1980, p. 827, pl. 1, figs. 11-12; Kennett and Srinivasan, 
1983, p. 198, pl. 48, figs. 7-9; Chaisson and Leckie, 1993, p. 164, pl. 8, fig. 4.  
Globoquadrina himiensis Maiya, Saito, and Sato, 1976, p. 417, pl. 4, figs. 1-2; p. 419, pl. 
5, figs. 4-5.  
Remarks. We have synonymized G. himiensis with N. dutertrei, as the holotype 
images of these species are indistinguishable. Neogloboquadrina dutertrei tends to be 
morphologically diverse, but we restrict the usage to forms with 5-6 chambers in the final 
whorl. Some species do exhibit a kummerform final chamber, but in almost all cases, N. 
dutertrei specimens at Hole 1209A include an almost flat spire with an open umbilicus. 
The aperture is umbilical to umbilical-extraumbilical with a slightly arched aperture. This 
species differs from N. atlantica in lacking a more arched aperture that is less open and 
having 5-6 chambers in the final whorl.  
Stratigraphic range. 1209A-10H-2, 27-29 to 1209A-1H-1, 27-29.  
 
Neogloboquadrina humerosa (Takayanagi and Saito, 1962) 
Globorotalia humerosa Takayanagi and Saito, 1962, p. 78, pl. 28, figs. 1a-2b; Kennett, 




Neogloboquadrina humerosa (Takayanagi and Saito). Keller, 1978b, pl. 1, figs. 10-12; 
Kennett and Srinivasan, 1983, p. 196, pl. 48, figs. 4-6; Chaisson and Leckie, 
1993, p. 164, pl. 8, figs. 7-8.  
Stratigraphic range. 1209A-8H-3, 60-62.  
 
Neogloboquadrina incompta (Cifelli, 1961) 
Plate 11, Figs. 11, 16-17 
Globigerina incompta Cifelli, 1961, p. 84, pl. 4, figs. 1-7.  
Globigerina pachyderma (Cifelli) right coiling. Kennett, 1973, p. 599, pl. 1, figs. 7-11; 
Kennett and Vella, 1975, p. 786, pl. 2, figs. 8-10. 
Neogloboquadrina pachyderma (Cifelli). Keller, 1978a, pl. 1, figs. 1-3, pl. 2, figs. 1-3, 5-
6, pl. 3, figs. 1-9, pl. 4, figs. 1-9; Keller, 1978b, pl. 1, fig. 1, 5-9; Keller, 1980, p. 
827, pl. 1, figs. 13-16, p. 829, pl. 2, figs. 1-5.  
Stratigraphic range. 1209A-9H-CC to 1209A-1H-1, 27-29.  
 
Neogloboquadrina pachyderma (Blow, 1959) 
Plate 11, Figs. 18-19 
Aristospira pachyderma Blow, 1959, p. 276, 277, 303; Banner and Blow, 1960, p. 4, pl. 
3, figs. 4a-c.  
Neogloboquadrina pachyderma (Blow). Kennett and Vella, 1975, p. 786, pl. 2, figs. 11-
15; Keller, 1978a, pl. 2, fig. 1, 4, 7-9; Keller, 1978b, pl. 1, fig. 1; Kennett and 
Srinivasan, 1983, p. 192, 194, pl. 47, figs. 2, 6-8; Hornibrook, 1989, fig. 28 13a-c.  




Stratigraphic range. 1209A-10H-2, 27-29 to 1209A-1H-1, 27-29.  
 
Genus Pulleniatina Cushman, 1927 
Type species Pullenia obliquiloculata Parker and Jones, 1865 
 
Pulleniatina obliquiloculata (Parker and Jones, 1865) 
Plate 11, Figs. 20-22 
Pullenia sphaeroides (d’Orbigny) var. obliquiloculata Parker and Jones, 1865, p. 368, pl. 
19, figs. 4a-4b.  
Pulleniatina obliquiloculata (Parker and Jones). Kennett, 1973, p. 637, pl. 20, figs. 8-9; 
Keller, 1980, p. 829, pl. 2, figs. 14-16; Kennett and Srinivasan, 1983, p. 202, pl. 
50, figs. 6-9.  
Stratigraphic range. 1209A-3H-7, 27-29 to 1209A-1H-1, 27-29.  
 
Pulleniatina primalis Banner and Blow, 1967 
Pullentiatina primalis Banner and Blow, 1967, p. 142, pl. 1, figs. 3-8; pl. 3, figs. 2a-c; 
Kennett, 1973, p. 637, pl. 20, figs. 10-12, p. 639, pl. 21, fig. 1; Kennett and 
Srinivasan, 1983, p. 200, pl. 49, figs. 1, 3-5; Chaisson and Leckie, 1993, p. 165, 
pl. 8, fig. 1.  





Plate 1.1 1-2. Candeina nitida, Sample 1209A-1-4, 77-79. 3-4. Beella digitata, Sample 
1209A-2-CC. 5, 9-10. Dentoglobigerina altispira, Sample 1209A-6-CC. 6-8. 
Dentoglobigerina altispira, Sample 1209A-6-CC. 11-13. Dentoglobigerina 
baroemoenensis, Sample 1209A-6-CC. 14-15. Dentoglobigerina baroemoenensis, 
Sample 1209A-5-4, 79-81. 16-18. Dentoglobigerina venezuelana, Sample 1209A-10-CC. 






Plate 1.2 1-2. Globigerina bulloides, Sample 1209A-1-4, 127-129. 3-4. Globigerina 
falconensis, Sample 1209A-1-4, 77-79. 5-6. Globigerinella siphonifera, Sample 1209A-
2-6, 27-29. 7-9. Globigerinella siphonifera, Sample 1209A-1-4, 27-29. 10-11. 
Globigerinella obesa, Sample 1209A-10-CC. 12-13. Globigerinoides conglobatus, 
Sample 1209A-8-CC. 14-15. Globigerinoides conglobatus, Sample 1209A-2-6, 127-129. 
16-17. Globigerinoides extremus, Sample 1209A-8-CC. 18-19. Globigerinoides 
extremus, Sample 1209A-5-6, 127-129. 20-21. Globigerinoides ruber, Sample 1209A-3-
4, 127-129. 22. Globigerinoides obliquus, Sample 1209A-6-1, 77-79. All scale bars 





Plate 1.3 1-2. Globigerinoides subquadratus, Sample 1209A-10-4, 27-29. 3-4. 
Globigerinoides subquadratus, Sample 1209A-10-4, 77-79. 5-6. Globoquadrina 
conglomerata, Sample 1209A-6-CC. 7-8. Globoquadrina conglomerata, Sample 1209A-
6-2, 127-129. 9-10. Globoquadrina dehiscens, Sample 1209A-10-CC. 11-12. 
Globoturborotalita apertura, Sample 1209A-7-4, 77-79. 13. Globoturborotalita druryi, 
Sample 1209A-10-1, 77-79. 14-15. Globoturborotalita nepenthes, Sample 1209A-10-1, 
77-79. 16. Globoturborotalita nepenthes, Sample 1209A-9-4, 78-80. 17-18. 
Globoturborotalita woodi, Sample 1209A-7-2, 27-29. 19. Orbulina suturalis, Sample 
1209A-10-CC. 20. Orbulina universa, Sample 1209A-7-1, 27-29. All scale bars represent 





Plate 1.4 1-2. Sphaeroidinella dehiscens, Sample 1209A-2-6, 27-29. 3-5. 
Sphaeroidinellopsis paenedehiscens, Sample 1209A-8-2, 27-29. 6-8. Sphaeroidinellopsis 
paenedehiscens, Sample 1209A-8-2, 27-29. 9. Sphaeroidinellopsis kochi, Sample 1209A-
7-4, 77-78. 10-12. Sphaeroidinellopsis kochi, Sample 1209A-6-6, 127-129. 13-14. 
Sphaeroidinellopsis seminulina, Sample 1209A-10-CC. 15-16. Sphaeroidinellopsis 
seminulina, Sample 1209A-8-2, 27-29. 17-18. Trilobatus sacculifer, Sample 1209A-1-4, 
27-29. 19-20. Globigerinita glutinata, Sample 1209A-1-1, 77-79. All scale bars represent 





Plate 1.5 1-2. Tenuitella iota, Sample 1209A-1-1, 77-79. 3-5. Globoconella conomiozea, 
Sample 1209A-8-3, 27-29 (first occurrence). 6-8. Globoconella conomiozea, Sample 
1209A-7-4, 77-79. 9-10, 14. Globoconella conomiozea, Sample 1209A-7-2, 27-29. 11-
13. Globoconella conomiozea, Sample 1209A-7-4, 77-79. 15-17. Globoconella 
miotumida, Sample 1209A-8-CC. 18-19. Globoconella miotumida, Sample 1209A-7-7, 
27-29. 20. Globoconella miotumida, Sample 1209A-7-7, 27-29. 21-23. Globoconella 






Plate 1.6 1-3. Globoconella miotumida, Sample 1209A-6-4, 127-129. 4-5, 9. 
Globoconella miotumida, Sample 6-3, 77-79. 6-8. Globoconella puncticulata, Sample 
1209A-6-CC. 11-13. Globoconella puncticulata, Sample 1209A-6-4, 127-129. 14, 17-18. 
Globoconella puncticulata, Sample 1209A-6-2, 127-129. 15-16, 19. Globoconella 
puncticulata, Sample 1209A-2-1, 127-129. 20-22. Globoconella inflata, Sample 1209A-





Plate 1.7 1-3. Globoconella inflata, Sample 1209A-4-4, 77-79. 4, 8-9. Globoconella 
inflata, Sample 1209A-2-2, 77-79. 5-7. Globoconella triangula, Sample 1209A-4-1, 77-
79. 10-12. Globorotalia cibaoensis, Sample 1209A-8-CC. 13-14. Globorotalia 
crassaformis, Sample 1209A-6-3, 77-79. 15-17. Globorotalia cibaoensis, Sample 1209A-
8-CC.  18-19, 23. Globorotalia crassaformis, Sample 1209A-5-1, 77-79. 20-22. 
Globorotalia crassaformis, Sample 1209A-2-6, 27-29. All scale bars represent 100 μm 





Plate 1.8 1-3. Globorotalia crassaformis, Sample 1209A-2-CC. 4-5, 10. Globorotalia 
crassaformis, Sample 1209A-1-4, 27-29. 6, 11-12. Globorotalia c.f. crassula, Sample 
1209A-1-4, 27-29. 7-9. Globorotalia crassula, Sample 1209A-3-4, 127-129. 13-15. 
Globorotalia hirsuta (first common occurrence), Sample 1209-1-4, 27-29. 16-18. 
Globorotalia hirsuta (first common occurrence), Sample 1209A-1-4, 27-29. 19-20. 
Globorotalia limbata, Sample 1209A-6-CC. 21-23. Globorotalia margaritae (first 
occurrence), Sample 1209A-8-CC. 24-26. Globorotalia margaritae, Sample 1209A-7-7, 





Plate 1.9 1-2. Globorotalia menardii, Sample 1209A-3-4, 127-129. 3-5. Globorotalia 
merotumida, Sample 1209A-9-4, 78-80. 6-8. Globorotalia plesiotumida, Sample 1209A-
8-CC. 9-10, 15. Globorotalia tumida, Sample 1209A-3-4, 127-129. 11, 16-17. 
Globorotalia scitula, Sample 1209A-3-7, 27-29. 12-15. Globorotalia scitula, Sample 
1209A-3-4, 127-129. 18-20. Globorotalia theyeri, Sample 1209A-1-4, 27-29. 21-23. 
Globorotalia tosaensis (first occurrence), Sample 1209A-6-1, 77-79. All scale bars 





Plate 1.10 1-3. Globorotalia tosaensis, Sample 1209A- 2-1, 127-129. 4, 7-8. Globorotalia 
tosaensis (last occurrence), Sample 1209A-1-5, 27-29. 5-6, 9. Globorotalia 
truncatulinoides (first occurrence), Sample 1209A-4-4, 77-79. 10-12. Globorotalia 
truncatulinoides, Sample 1209A-2-CC. 13-15. Globorotalia truncatulinoides, Sample 
1209A-2-1, 77-79. 16-18. Globorotalia truncatulinoides, Sample 1209A-1-5, 27-29. All 






Plate 1.11 1-2. Neogloboquadrina acostaensis, Sample 1209A-3-7, 27-29. 3-5. 
Neogloboquadrina atlantica, Sample 1209A-4-CC. 6-8. Neogloboquadrina atlantica, 
Sample 1209A-3-4, 127-129. 9-10, 15. Neogloboquadrina dutertrei, Sample 1209A-4-
CC. 11. Neogloboquadrina incompta, Sample 1209A-8-2, 27-29. 12-14. 
Neogloboquadrina dutertrei, Sample 1209A-2-6, 27-29. 16-17. Neogloboquadrina 
incompta, Sample 1209A-4-4, 77-79. 18-19. Neogloboquadrina pachyderma, Sample 






TEMPERATE MID-LATITUDE LATE NEOGENE PLANKTIC 
FORAMINIFERAL BIOSTRATIGRAPHY AND TAXONOMY WITHIN THE 
KUROSHIO CURRENT EXTENSION: OCEAN DRILLING PROGRAM HOLES 




The Kuroshio Current and the Kuroshio Current Extension is a magnificent area that 
houses some of the world’s highest marine diversity today. This dynamic region is 
characterized by the meeting of subpolar and subtropical water masses creating a sharp 
ecotone, which is also characterized by a large diversity of marine plankton. The 
Kuroshio Current and its Extension is poorly understood with respect to the geologic 
history of plankton speciation events, and currently lacks any detailed taxonomic and 
biostratigraphic work. Using two Ocean Drilling Program holes drilled underneath and 
just to the north of the Kuroshio Current Extension, we construct a late Neogene planktic 
foraminiferal biostratigraphy for Holes 1207A and 1208A and provide an updated 
taxonomy. We have identified ten biozones at Hole 1207A and nine at Hole 1208A. 
Diachroneity among species used as primary datums between Holes 1207A and 1208A is 
on average 0.15 Ma. Dissolution ratios calculated for each hole, along with species 
richness, indicate that the Miocene sections from each hole were severally affected by 
carbonate dissolution. This has affected our ability to precisely locate the true first and 
last occurrences of some species. This is the first magnetostratigraphically-calibrated 
planktic foraminiferal biostratigraphy for the northwest Pacific within the Kuroshio 
Current Extension through the late Neogene that can be directly calibrated to the 




biozones. This study will provide the basis for understanding plankton speciation and 
paleobiogeography within the major northwest Pacific western boundary current.  
2.2 The Kuroshio Current and its Extension 
The Kuroshio Current is one of the largest western boundary currents in the world 
ocean as part of the wind-driven North Pacific Subtropical Gyre system. The current 
flows northward from the Philippine coast to the coast of Japan, where it turns east 
around 36°N, 141°E into the Pacific Ocean (Imawaki et al., 2013). Where the Kuroshio 
Current flows into the open Pacific, it becomes the Kuroshio Current Extension (KCE). 
Here, the KCE meets the Oyashio Current, the subpolar western boundary current of the 
North Pacific Subpolar Gyre, which flows from the north (Fig. 2.1). Volume transport 
within the KCE has been recorded to reach 130 Sverdrup (Sv; 1 Sv=1,000,000 m3/s) 
(Wijffels et al., 1998). The entire Kuroshio system is responsible for providing vast 
amounts of heat and moisture to the Northern Hemisphere from tropical regions and 
influencing midlatitude atmospheric storm tracks (Nakamura et al., 2004). Changes in the 
dynamic state of the KCE (stable meanders vs. large, unconstrained meanders in the 
system) have the power to influence the stability and pressure gradient within the local 
atmospheric boundary layer and the basin-scale wind stress patterns (Frankignoul and 
Sennéchael, 2007; Kwon et al., 2010; Imawaki et al., 2013). These changes can influence 
precipitation patterns over Japan and the west coast of North America (Latif and Barnett, 
1994). On millennial timescales, the KCE has shifted its latitudinal position in response 
to cooling and warming periods. For example, Kawahata and Ohshima (2002) 
reconstructed the position of the KCE during glacial periods using pollen proxies and 




effect on basin- and hemisphere-wide climate dynamics through geologic time is still 
poorly constrained. 
Aside from weather and climate dynamics, the Kuroshio Current and Extension 
region are important to the dispersal of marine organisms. The most prominent 
oceanographic feature of the Kuroshio Current and Extension is the ecotone created by 
the meeting of the KCE with the Oyashio Current. The subtropical and subpolar water 
masses create a relatively sharp temperature gradient between subarctic water masses 
flowing from the north and subtropical water masses flowing from the south (Fig. 2.1). 
This sharp difference in water masses creates a boundary between biogeographic 
provinces of organisms including several species of fish and coral. Tropical and 
subtropical species of marine organisms are dispersed northward within the current, as it 
is used as a migration route for several species (Saito, 2019). For example, Japanese 
sardine eggs and larvae are transported to the north within the current (Watanabe et al., 
1995), with larger anchovy species’ larvae migrating into the open marine realm (Aoki 
and Miyashita, 2000). Transport of tropical fish species from the Philippines and Taiwan 
to Japan within the Kuroshio Current has resulted in overlapping niches of tropical and 
temperate populations (Nishimura, 1992). The Kuroshio Current transported the Blacktip 
grouper Epinephelus fasciatus northward into Japanese waters, resulting in increased 
phylogenetic variation within the current system (Kuriiwa et al., 2014). Additionally, 
corals are found at 35°N within the Kuroshio Current system (Veron and Minchin, 1992), 
and the coral reef that is found at the highest northern latitude is within this region 




the Kuroshio Current and Extension region is home to the highest diversity of marine 
organisms in the world’s oceans (Tittensor et al., 2010). 
 
Figure 2.1 A) Location map of Holes 1207A (37.90°N, 162.76°E) and 1208A (36.29°N, 
158.22°E) utilized in this study, with the location of Hole 1209A (32.65°N, 158.50°E) 
discussed in the text noted by the circle. The approximate locations of the Oyashio and 
Kuroshio Currents are noted with grey lines on the map of mean annual sea surface 
temperature. B) Vertical cross section of surface ocean temperatures within the ecotone 
created by the meeting of the subtropical waters brought to the northwest Pacific by the 
Kuroshio Current and the subpolar waters of the Oyashio Current. Approximate locations 
of the three sites discussed in the text are denoted by the upside-down triangles. Cross 
section from A to A’ is noted on panel A. Panel A made using Ocean Data View 
(Schlitzer, 2018) with sea surface temperature data from the World Ocean Atlas 
(Locarnini et al., 2013). Panel B modified from Bradshaw (1959).   
 
The ecotone created by the KCE also separates populations of marine plankton, 
specifically planktic foraminifera (Bradshaw, 1959; Norris, 2000). Within this system the 
diversity of foraminifera is also highest of the world ocean (Tittensor et al., 2010) due in 
part to the mixing of subtropical and subpolar water masses and seasonal successions of 
species assemblages. Through sediment trap and plankton tow studies, the modern 
distribution of planktic foraminifera within the Kuroshio Current Extension is rather 
well-constrained (e.g., Kuroyanagi et al., 2002; Eguchi et al., 2003; Mohiuddin et al., 
2004; Taylor et al., 2018). As planktic foraminifera are the basis for providing first-order 
age control in marine sediment sequences, understanding their paleobiogeography within 




KCE, how it may have shifted in the geologic past, and how shifts in the current affected 
plankton speciation. Underpinning the paleobiogeography of plankton within the KCE is 
detailed taxonomic work, which is currently absent for this part of the world ocean.  
2.2.1 Previous Biostratigraphic and Taxonomic Work in the Kuroshio Current 
Region 
To date, there has been limited biostratigraphic and taxonomic work conducted on 
the open-marine sediments recovered from the KCE region to constrain the evolutionary 
history of Neogene (5.33-2.58 Ma) to Quaternary (2.58-0 Ma) planktic foraminifera. The 
on-shore sequences of Japan provide excellent exposures to study the evolution and 
extinction events of plankton, but unfortunately most sections lack a magnetic 
stratigraphy to finely constrain such events. Such detailed taxonomic work across Japan 
has been carried out by Saito (1963) for the Miocene deposits, for which he developed 
eight biozones from more than eight areas within Japan and its islands. These zones were 
found to be nearly identical to the Miocene tropical biozones established by Blow (1959) 
for the Caribbean sequences. Oda (1971) investigated the planktic foraminiferal 
assemblages of the Sagara Group in the Shizuoka Prefecture of east central Japan. He too 
found that the tropical to subtropical late Miocene to Pliocene zones of Blow (1959) 
could be identified in this region. Kato (1972) also examined the Sagara and Kakegawa 
groups (late Miocene to Pleistocene). He determined that the zones of Blow (1969) could 
not be directly applied to the sequences of Japan due to the influence of cooler-water 
species within the assemblages. Notably, the late Pliocene-Pleistocene biozones proposed 
by Kato (1972) resemble those of Kennett’s (1973) warm subtropical and cool 




Pulleniatina obliquiloculata-Globorotalia truncatulinoides biozone for the upper 
Pleistocene, the Globorotalia truncatulinoides-Globorotalia tosaensis overlap biozone 
for the lower to middle Pleistocene, and the Globorotalia tosaensis biozone in the latest 
Pliocene. All of these zones were also identified by Kennett (1971) for Deep Sea Drilling 
Program (DSDP) Leg 21 sites in the southwest Pacific. Further refinement of the 
Japanese late Neogene sequences and biozones was undertaken by Asano et al. (1975) for 
regions on the Pacific side and Japan Sea side of Japan. The authors identified cool, 
warm, and transitional assemblages on the Japan Sea side, southern Pacific side, and 
northern Pacific side, respectively. Undoubtedly, these major assemblages were 
influenced by the Kuroshio Current flowing along Japan during the Neogene. On the 
Pacific side with warm assemblages, Blow’s (1969) N16 through N22 zones were 
identified, except zones N19 and N20, which could not be differentiated. Oda’s (1978) 
biostratigraphic investigation of planktic foraminiferal assemblages from the Boso 
Peninsula, the Kakegawa and Takasaki areas of east-central Japan, led to a zonation 
scheme for this region that differed from that of Blow (1969). Oda, like Kato, determined 
the tropical zones were somewhat but not completely applicable to the Neogene land 
sequences of Japan. The zones created by Oda also resemble those of Kennett’s (1973) 
warm subtropical scheme for the Pliocene and Pleistocene, with some differences. More 
recently, Hayashi and Takahashi (2002) calibrated datums of planktic foraminiferal 
species using K-Ar ages of intercalated volcanic layers from the upper Miocene Arakawa 
Group in central Japan. These authors concluded that the Blow (1959) zones were largely 




Even less work has been conducted within the open marine sequences of the KCE 
region. Vincent (1975) was the first to apply the zonation scheme of Blow (1969) to 
DSDP Leg 32 sites in the central North Pacific but could not identify all zones due to the 
paucity of warm-water forms. Keller (1978a) conducted a planktic foraminiferal 
biostratigraphy at DSDP Site 310 of the central North Pacific Ocean. From plankton 
assemblages at this site, she created a temperate zonation scheme modified from 
Kennett’s (1973) southwest Pacific warm and cool subtropical biozones. Like thos of 
Kennett, these biozones were based heavily on the first occurrences of species belonging 
to the genera Globoconella and Globorotalia (Truncorotalia). Later, Keller (1979) 
constructed a planktic foraminiferal biostratigraphy for DSDP Site 296, located within 
the Kuroshio Current south of Japan. All of the temperate zones from Keller (1978a) 
were found at this site. More recently, Lam and Leckie (Chapter 1) constrained late 
Neogene planktic foraminiferal evolution and extinction events at Ocean Drilling 
Program (ODP) Hole 1209A, located to the south of the Kuroshio Current Extension in 
subtropical water masses. They constructed a subtropical zonation scheme for this hole 
based heavily on the warm and cool subtropical schemes of Kennett (1973) as modified 
by Jenkins and Srinivasan (1986), with additional modifications due to the abundance of 
tropical forms at the site. Their datums and zones were the first within the Kuroshio 
Current Extension region to be directly calibrated to the geomagnetic polarity timescale. 
The work presented in this contribution builds off the work of Lam and Leckie (Chapter 
1) by tightly constraining planktic foraminiferal evolutionary events within the KCE 




Here, we investigate the foraminiferal occurrences at Ocean Drilling Program 
(ODP) Holes 1207A and 1208A from the north edge of and directly underneath the 
modern-day KCE, respectively (Fig. 2.1). From these data, we have tightly constrained 
the first and last occurrences of planktic foraminiferal species and created a new 
temperate water zonation scheme for the northwest Pacific Ocean modified from the 
temperate zones developed for DSDP Site 593 by Jenkins and Srinivasan (1986). These 
zones can be directly correlated with the northwest Pacific subtropical (Chapter 1) and 
global tropical zonation (Wade et al., 2011) schemes.  
2.3 Lithostratigraphy of Holes 1207A and 1208A 
The two sites used in this study were drilled on Shatsky Rise in the northwest 
Pacific Ocean, a lower mantle plume large igneous province or a fertile triple junction 
divergent margin (Sager et al., 2016). The latest Jurassic-Early Cretaceous oceanic 
plateau is located approximately 1600 km east of Japan (Sager et al., 1999). ODP Site 
1207 (37.90°N, 162.76°E) was drilled from the northern high, now renamed the Shirshov 
Masif, whereas Site 1208 (36.29°N, 158.22°E) was drilled from the central high or Orif 
Massif (Sager et al., 2013). Ocean Drilling Program Site 1207 lies at the northern edge of 
the KCE at 3103 m water depth. Site 1208 was drilled from 3346 m water depth and lies 
directly underneath the modern-day position of the KCE and its ecotone within temperate 
water masses (Fig. 2.1). At Site 1207, two holes were drilled (A and B), and at Site 1208 
only one hole was drilled. Here, we focus our efforts on Holes 1207A and 1208A, as 
recovery of Neogene sequences was nearly 100% in all cores within both holes.  
At Hole 1207A, about 95 meters of late Neogene sediments were recovered using 




Pleistocene from condensed middle to lower Miocene sediments. We sampled the upper 
Miocene to Pleistocene sequences in this study above Core 18 Section 4. The lithology of 
the late Neogene sections is characterized by distinct decimeter-scale cycles that alter 
between dominantly darker green-gray horizons and lighter tan-gray to white horizons 
(Shipboard Scientific Party, 2002a; Fig. 2.2). These cycles are likely due to intense 
dissolution intervals, as they contain significant changes in diatom abundances and 
carbonate preservation, or changes in productivity (Shipboard Scientific Party, 2002). 
Most of the sediments at Hole 1207A are characterized as nannofossil ooze with diatoms 
and radiolarians, with a lower interval of very pale orange nannofossil ooze (Fig. 2.2). 
 
Figure 2.2 Age model with the locations of magnetic reversal boundaries used to create 
the age model and biostratigraphic datums used to create biozones for ODP Hole 1207A. 
Depth is in meters below sea floor (mbsf), with core numbers and core 1H-18H images. 
Age and chronostratigraphy are based on the magnetic reversal boundary depths from 





Approximately 320 meters of late Neogene sediments were recovered from Hole 
1208A, with 100% recovery in most cores. Cores 1-20 were cored using ACP coring 
techniques, whereas the more condensed intervals below Core 20 were cored using an 
extended core barrel (XCB). Like Hole 1207A, an unconformity separates the middle 
Miocene from lower Miocene to Paleogene condensed claystone intervals (Shipboard 
Scientific Party, 2002b). Here, we neglect the sediments below the unconformity and 
focus our efforts on the continuous late Neogene sequences above Sample 1208A-35X-2, 
77-79 cm. Hole 1208A is characterized by sediments that alternate from white to gray 
throughout much of the study interval (Fig. 2.3), indicating this site was very sensitive to 
oceanographic changes. Most of the sediments recovered are described as nannofossil 
clay and ooze containing diatoms and radiolarians, which become abundant in some 
intervals (Shipboard Scientific Party, 2002b). Intervals in which siliceous components 
become most dominant indicate intense dissolution or productivity changes, as this is 
accompanied by very poor carbonate preservation. 
2.4 Methods 
Age models for holes 1207A and 1208A were constructed based on magnetic 
reversal boundaries from Evans (2006) (Figs. 2, 3). Boundaries were updated to the 
Geologic Time Scale (GTS) 2012 ages from Hilgen et al. (2012) (Appendix D). Below 
299.63 m below sea floor (mbsf) at Hole 1208A, there were no magnetic reversal 
boundaries recovered. Thus, the first occurrence of the planktic foraminiferal genus 




(Fig. 2.3). Although dissolution is problematic at Hole 1208A, we consider this datum 
reliable because Orbulina spp. is persistent throughout the section. 
 
Figure 2.3 Age model with the locations of magnetic reversal boundaries and 
biostratigraphic datums used to create biozones for ODP Hole 1208A. The first 
occurrence of Orbulina spp. was used to constrain the base of the section at 15.1 Ma 
(Wade et al., 2011). Depth is in meters below sea floor (mbsf), with core numbers and 
core 1H-35X images. Age and chronostratigraphy are based on the magnetic reversal 
boundary depths from Evans (2006) updated to the GTS 2012 ages (Hilgen et al., 2012). 
 
Samples from Hole 1208A were soaked in a nearly neutral pH solution of the 
detergent Sparkleen for 3-5 days and shaken twice daily to disaggregate clay-rich 
sediments. Samples from Hole 1207A consisted of mostly carbonate-rich sediments that 
did not require soaking. The sediments from both holes were washed with tap water over 
a 63-μm sieve, then transferred to a petri dish and dried overnight at approximately 50˚C 




 Dried resides were sieved at >125 μm fraction and sprinkled evenly onto a 
picking tray. Specimens from each sample were picked and mounted on gummed 
population slides using a light microscope. Several (2-5) trays of sediment were inspected 
per sample to account for any rare species. Both ARL and RML examined all gummed 
population slides in order to provide consistent species identifications. In several cases, 
the entire residue was inspected for planktic foraminifera, as some samples contained 
very rare to no specimens, especially at Hole 1208A. We suspect this was due to intense 
dissolution events, as samples that contained few planktic foraminiferal species only 
included thick-walled forms that are considered more dissolution-resistant. Semi-
quantitative abundance data (visual estimates) were based mainly on the >125-μm 
fraction. The >63-μm fraction was occasionally inspected for characteristically small 
and/or rare specimens. Five categories of foraminiferal species abundance, relative to the 
total number of planktic foraminifera in each sample, were recorded: rare (<1%), few (1-
5%), common (5-10%), abundant (10-30%), and dominant (>30%) (Appendices E, F).   
A total of 134 samples from ODP Hole 1207A Cores 1H-1, 29-31 cm to 18H-4, 
78-80 cm (0.29-162.08 mbsf) and 199 samples from Hole 1208A Cores 1H-1, 77-79 cm 
to 35X-2, 77-79 cm (0.78-317.58 mbsf) were examined in detail for planktic 
foraminiferal species. Sampling around the first occurrences (base; B) and last 
occurrences (top; T) were conducted at a higher resolution to more finely constrain 
evolution and extinction events. Species’ tops and bases were constrained at an average 
of ±0.115 Ma at Hole 1207A and ±0.051 Ma at Hole 1208A.  
 Species’ first occurrences were calculated as the midpoint between the 2 cm 




in the core) that contained the species. Similarly, last occurrences were calculated as the 
midpoint between the 2 cm sample in which the species was found and the 2 cm sample 
directly above in which the species was absent. Age and depth error were calculated for 
each species’ first and last occurrence (Appendices G, H). 
 As there has been limited planktic foraminiferal taxonomic work conducted 
within or near the Kuroshio Current Extension region (e.g., Vincent, 1975; Keller, 1978b; 
Keller, 1978a), species identifications were based heavily on taxonomic work published 
for the southwest Pacific. In past decades, this region, which is also characterized by 
subtropical to subpolar water masses across the Tasman Front, has been studied in detail. 
Our identifications were based upon planktic foraminiferal taxonomic works of Kennett 
(1973), Kennett and Vella (1975), Hornibrook (1981), Kennett and Srinivasan (1983), 
Jenkins and Srinivasan (1986), Hornibrook et al. (1989), and Scott et al. (1990). For 
tropical and temperate taxa outside of the southwest Pacific, the taxonomic guides of 
Cifelli and Scott (1986), Chaisson and Leckie (1993), Fox and Wade (2013), and select 
chapters from the Atlas of Oligocene Planktonic Foraminifera (Wade et al., 2018) for 
species whose first occurrences are in the Oligocene (e.g., Paragloborotalia mayeri, P. 
birnageae) were also employed.  
2.5 Dissolution at Shatsky Rise 
Dissolution of specimens is very prevalent at both holes, but primary at Hole 
1208A which was drilled from bathyal water depths (3346 m). Undoubtedly, this has 
severely affected the assemblages in some intervals, thus limiting our ability to determine 
the precise location of biozone boundaries and calibration of datum first and last 




Zone occurs at 10.740 Ma at Hole 1207A but at 12.161 Ma at Hole 1208A. Although 
species’ ranges do differ across the Kuroshio Current Extension, this 1.421 Ma offset 
between the last occurrences of P. mayeri are 
extreme and are likely a product of severe 
dissolution within the Miocene interval at Site 
1208.  
To quantify dissolution at both holes, we 
calculated a ratio between dissolution resistant 
and susceptible species. A list of resistant and 
susceptible species was gathered from 
experimental data by Berger (1971) and 
presented in Berger and Roth (1975). Because 
these experiments were conducted on modern 
extant species, we have assumed the modern 
species’ dissolution resistance or susceptibility 
holds true for their ancestors. In our calculations 
we have used the most dissolution susceptible (or 
delicate) species and the most dissolution 
resistant species. Delicate species include 
Globigerinoides ruber, Gs. extremus, Gs. 
obliquus, Gs. subquadratus, Gs. conglobatus, 
Globigerina bulloides, Ga. foliata, 
Globoturborotalita rubescens, and Trilobatus 
Figure 2.4 Dissolution proxies for 
Hole 1207A and 1208A on Shatsky 
Rise. Dissolution intervals were 
approximated by calculating a ratio of 
susceptible to resistant species 
(Berger, 1971). Species richness was 
calculated as the number of species 
identified in each sample. Horizontal 





sacculifer. Dissolution resistant species include Globorotalia menardii, Gr. 
praemenardii, Pulleniatina obliquiloculata, P. primalis, Sphaeroidinella dehiscens, 
Sphaeroidinellopsis paenedehiscens, S. seminulina, S. kochi, S. disjuncta, Globorotalia 
tumida, Gr. merotumida, Gr. plesiotumida, Gr. crassaformis, Gr. truncatulinoides, Gr. 
tosaensis, Globoconella inflata, Gc. puncticulata, Gc. conomiozea, Gc. miotumida, Gc. 
miozea, Neogloboquadrina dutertrei, N. pachyderma, and N. incompta. The 
biostratigraphy for each hole (Appendices E, F) was converted to a matrix of 1’s 
(present) and O’s (absent) to calculate the number of dissolution resistant and susceptible 
species in each sample. The number of susceptible species was divided by the number of 
resistant species to give an estimate of dissolution through the late Neogene of the 
northwest Pacific (Fig. 2.4). We have also plotted species richness, a measure of the 
number of species in each sample analyzed, to better approximate these dissolution 
intervals. These two proxies should approximate the times and locations downcore where 
the CCD and lysocline shallowed above the sites.  
Dissolution is most prevalent in the middle to late Miocene, most notably within 
the late Langhian to early Tortonian Age. During this time interval, species richness at 
both sites is elevated, indicating that this interval may, in part, be more associated with a 
decrease of tropical to subtropical species rather than intense dissolution, as most of the 
susceptible species used in our ratio calculations inhabit warmer water masses. The 
frequency and duration of dissolution intervals decreases significantly into to the latest 
Miocene (Messinian), and even more so in the early Pliocene. By the Pleistocene, 




both holes beginning to track each other. At Hole 1208A, dissolution is more extreme as 
predicted due to the site’s location at greater water depths.  
The stabilization of the CCD and lysocline during the late Pliocene to Pleistocene 
at Holes 1207A and 1208A are in agreement with increased calcium carbonate 
preservation at shallower water depths observed in the central equatorial Pacific. Farrell 
and Prell (1991) indicated large fluxes in calcium carbonate (CaCO3) preservation from 
4-0 Ma, with most depleted CaCO3 intervals from 4-~3.5 Ma. Although these data were 
compiled for deeper water depths than those at Holes 1207A and 1208A, the data indicate 
that the equatorial Pacific and its midlatitude regions were very sensitive to oceanic 
biogeochemical changes through the late Neogene (Arrhenius, 1952; Saito et al., 1975; 
Farrell and Prell, 1987; Farrell and Prell, 1989; Farrell et al., 1995). Our data are too low-
resolution to determine if the timescales on which dissolution intervals occur on Shatsky 
Rise are paced with Milankovitch cyclicity, but we expect they may be.  
Because of intense dissolution, any geochemical studies or assemblage data using 
foraminifera as proxies for paleoceanographic interpretations from these two sites, 
especially in the Miocene sections, should be approached with caution. 
2.6 Biostratigraphy and Zonal Criteria 
First and last occurrences of planktic foraminiferal species at Holes 1207A and 
1208A indicate intervals of increased speciation and extinction events. At Hole 1207A, 
there is a cluster of evolutionary events from approximately 12.2 to 10.6 Ma. At Hole 
1208A, there is a flurry of evolutionary events from about 14.1 Ma to 12.1 Ma (Fig. 2.5). 
Limited speciation events are recorded throughout the Tortonian but increase 




speciation and extinction during the interval from 5 Ma to 2.5 Ma at both holes (Fig. 2.5). 
Within this interval, species richness at either site is not significantly elevated (Fig. 2.4), 
indicating an approximate equal amount of evolution and extinction events occurred. 
Interestingly, the increased number of speciation events within the Pliocene to earliest 
Pleistocene observed at Holes 1207A and 1208A corresponds to an uptick in diversity 
metrics generated for planktic foraminifera both regionally (e.g., Chaisson and Leckie, 
1993), globally (e.g., Wei and Kennett, 1986; Peters et al., 2013; Fraass et al., 2015), and 
clade-specific (e.g., Stanley et al., 1988). The abundance of plankton extinction and 
evolution events within the late Neogene sections of the northwest Pacific provides ample 
datums for which to recognize and built biozones.  
Much like Chapter 1 for Hole 1209A to the south of the sites discussed in this 
contribution (Fig. 2.1), it is important to rely on dissolution-resistant taxa for 
biostratigraphic datums at holes 1207A and 1208A. For our biostratigraphic zonation 
scheme at Holes 1207A and 1208A, we mainly follow the temperate zonal scheme of 
Jenkins and Srinivasan (1986) (Figs. 6, 7). We chose this zonation scheme instead of the 
cool-subtropical scheme developed by Kennett (1973) because the latter scheme relies on 
the first and last occurrences of Globorotalia tosaensis. Although this species certainly 
appears at Holes 1207A and 1208A, it is very discontinuous, especially during the 
stratigraphically lowest part of its range. We also find that the extinction of 
Globoquadrina dehiscens is very prominent at both holes in the northwest Pacific, 
another feature that makes the temperate zonation scheme work best for our sites. Both of 
the aforementioned observations of G. tosaensis and G. dehiscens were also noted by 




We have made our own modifications to the temperate zonal scheme to more 
finely subdivide the stratigraphic sections. The late Pleistocene Globorotalia hirsuta 
Lowest Occurrence Zone (LOZ), first defined in Chapter 1, is recognized at Holes 1207A 
and 1208A. The first appearance of Globorotalia crassaformis, which is used in the 
warm subtropical zonation scheme of Jenkins and Srinivasan (1986), is a prominent 
species of the Kuroshio Current Extension. Thus, the Globorotalia crassaformis LOZ is 
used to further subdivide the middle to late Pliocene. Similarly, Globorotalia margaritae 
is a very distinct species that is used as a primary marker datum in the warm subtropical 
zonation scheme (Jenkins and Srinivasan, 1986). This latter species has a somewhat 
discontinuous range at holes 1207A and 1208A but makes up a prominent part of the 
assemblage. For this reason, we use the first appearance of G. margaritae to define the 





Figure 2.5 First occurrences (B, base) and last occurrences (T, top) of select species of 
planktic foraminifera identified at ODP holes 1208A and 1207A plotted along 
chronostratigraphy and age (Hilgen et al., 2012). Species’ first occurrences that are 
known to range outside the study interval or were not observed were not included on this 
figure. Age error is included on each species’ B and T and denoted with the ± sign. For a 




Globorotalia hirsuta Taxon Range Zone 
Definition: Biostratigraphic interval defined by the first continuous appearance of the 
nominate taxon.  
Age: 0.543 Ma to Recent at Hole 1207A, 0.39 Ma to Recent at 1208A; upper middle 
Pleistocene to Recent. 
Remarks: Globorotalia hirsuta first appears in very low abundances at Hole 1208A at 
0.755 Ma then disappears from the assemblages at 0.658 Ma (Appendix F). This species 
doesn’t reappear at Hole 1208A for another 0.268 Ma before re-appearing at 0.39 Ma. 
When it does, it is a substantially more common component of the assemblages. Much 
like at Hole 1209A (Chapter 1), located to the south of Holes 1207A and 1208A, this 
species is absent from the uppermost sections of holes 1207A and 1208A.  
 Prominent species that range through this zone at Hole 1207A include 
Globigerina bulloides, G. conglobatus, Orbulina universa, Globoconella inflata, 
Globorotalia menardii, G. scitula, G. theyeri, G. truncatulinoides, Neogloboquadrina 
dutertrei, N. incompta, N. pachyderma, and Pulleniatina obliquiloculata. Species with a 
first occurrence in this zone at Hole 1207A include Beella praedigitata, Globigerinoides 
obliquus, and Globorotalia tosaensis (Fig. 2.6).  
Prominent species that range through this zone at Hole 1208A include 
Globigerina bulloides, Globigerinoides ruber, O. universa, Trilobatus sacculifer, 
Tenuitella iota, G. inflata, G. menardii, G. scitula, G. theyeri, G. truncatulinoides, N. 
dutertrei, N. incompta, N. pachyderma, and P. obliquiloculata (Fig. 2.7).  
Occurrence in Hole 1207A: 2H-2, 77-79 to 1H-1, 29-31 cm (7.07 to 0.29 mbsf).  





Globorotalia truncatulinoides Lowest Occurrence Zone 
Definition: Biostratigraphic interval marked by the first appearance of the nominate 
taxon to the first continuous appearance of G. hirsuta.  
Age: 2.150 to 0.543 Ma at Hole 1207A, 1.994 to 0.39 Ma at Hole 1208A; mid-Gelasian 
to upper middle Pleistocene. 
Remarks: The G. truncatulinoides biozone typically approximates the base of the 
Pleistocene in the southwest Pacific, but in the northwest Pacific the base of the nominate 
taxon occurs later. This biozone may be difficult to detect, as the first occurrence of 
Globorotalia truncatulinoides is marked by rare and somewhat discontinuous 
occurrences at Hole 1208A (Appendix F). At Hole 1207A, the first occurrences of G. 
truncatulinoides and G. tosaensis occur in the same sample (Appendix E). 
 Prominent species that range through this zone at Hole 1207A include G. 
bulloides, G. ruber, O. universa, G. glutinata, G. inflata, G. crassaformis, G. menardii, 
G. scitula, G. theyeri, G. tumida, N. dutertrei, N. incompta, and N. pachyderma. Species 
with a first occurrence in this zone at Hole 1207A include B. digitata and G. hirsuta. 
Species with a last occurrence in this zone at Hole 1207A include G. calida, G. extremus, 
G. woodi, G. uvula, G. puncticulata, G. triangula, G. ungulata, N. acostaensis, N. 
atlantica, N. humerosa, and P. primalis (Fig. 2.6).   
Prominent species that range through this zone at Hole 1208A include G. 
bulloides, G. foliata, G. ruber, O. universa, S. dehiscens, T. sacculifer, G. inflata, G. 
crassaformis, G. menardii, G. scitula, G. theyeri, G. tumida, N. dutertrei, N. incompta, N. 




1208A include T. iota, G. triangula, G. umbilicata, G. hirsuta, G. ruber (pink), G. calida, 
and B. digitata. Species with a last occurrence in this zone at Hole 1208A include B. 
praedigitata, G. extremus, G. obliquus, G. woodi, G. puncticulata, N. humerosa, and P. 
primalis (Fig. 2.7).  
Occurrence in Hole 1207A: 4H-5, 27-29 to 2H-4, 80-82 cm (30.07 to 10.11 mbsf). 
Occurrence in Hole 1208A: 11H-3, 75-77 to 3H-6, 77-79 cm (93.96 to 22.48 mbsf). 
 
Figure 2.6 Select ranges of species and biozones from Hole 1207A plotted against 
chronostratigraphy (Hilgen et al., 2012) and the tropical zonation scheme (Wade et al., 
2011). Bolded species names are those that are primary marker species used to construct 
biozones for Hole 1207A. Ages of the tropical biozones are those tuned to the 
astronomical timescale for the Pacific Ocean where applicable (Wade et al., 2011). 




Definition: Biostratigraphic zone from the first occurrence of G. inflata to the first 
occurrence of G. truncatulinoides.   
Age: 3.364 to 2.150 Ma at Hole 1207A, 3.289 to 1.994 Ma at Hole 1208A; mid-
Piacenzian to mid-Gelasian.  
Remarks: This biozone is marked by the first occurrence of G. puncticulata-like forms 
that develop a very broadly rounded peripheral margin on the last chamber. The first 
appearances of G. inflata are prominent but have a somewhat discontinuous occurrence at 
both holes, becoming a dominant part of the assemblage towards the later part of the zone 
(Appendices E, F).  
 Prominent species that range through this biozone at Hole 1207A include B. 
praedigitata, G. bulloides, G. ruber, G. woodi, O. universa, G. inflata, G. puncticulata, 
G. crassaformis, G. menardii, G. scitula, G. theyeri, G. tumida, N. atlantica, N. dutertrei, 
N. incompta, and N. pachyderma. Species with a first occurrence in this zone at Hole 
1207A include G. triangula and P. obliquiloculata. Species with a last occurrence in this 
zone at Hole 1207A include D. altispira, D. baroemoenensis, D. venezuelana, G. 
umbilicata, G. bollii, G. apertura, G. decoraperta, O. suturalis, and G. limbata (Fig. 2.6).  
Prominent species that range through the G. inflata biozone at Hole 1208A 
include G. bulloides, G. falconensis, G. foliata, G. ruber, G. woodi, O. universa, T. 
sacculifer, G. puncticulata, G. crassaformis, G. menardii, N. atlantica, N. dutertrei, N. 
incompta, and N. pachyderma, Species that have a first occurrence in this zone at Hole 
1208A include G. rubescens, T. anfracta, P. obliquiloculata, and P. primalis. Species 




apertura, O. suturalis, S. paenedehiscens, G. cibaoensis, G. plesiotumida, and G. 
pseudomiocenica (Fig. 2.7).  
Occurrence in Hole 1207A: 7H-5, 127-129 to 4H-5, 77-79 cm (59.57-30.57 mbsf) 
Occurrence in Hole 1208A: 16H-6, 75-77 to 11H-4, 75-77 cm (145.96-95.46 mbsf) 
 
Globorotalia crassaformis Lowest Occurrence Zone 
Definition: Biostratigraphic interval from the first occurrence of the nominate taxon to 
the first occurrence of G. inflata.  
Age: 3.969 to 3.364 Ma at Hole 1207A; 4.224 to 3.289 Ma at Hole 1208A; mid-Zanclean 
to mid-Piacenzian.  
Remarks: The first occurrence of G. crassaformis at Hole 1207A is very prominent, as 
the species has a common and continuous occurrence throughout its range (Appendix E). 
At Hole 1208A, the first occurrence of G. crassaformis is rare, with a more discontinuous 
occurrence (Appendix F). This zone is not in the temperate zonation scheme of Jenkins 
and Srinivasan (1986), but rather a zone recognized in the warm subtropical scheme of 
Kennett (1973) as further modified by Jenkins and Srinivasan (1986).  
 Species that range through this zone at Hole 1207A include B. praedigitata, G. 
bulloides, G. ruber, G. obliquus, G. woodi, O. universa, G. glutinata, G. crassaformis, G. 
scitula, G. theyeri, N. atlantica, N. dutertrei, N. incompta, and N. pachyderma. Species 
with a first occurrence in this zone at Hole 1207A include G. calida, G. bollii, S. 
dehiscens, T. clarkei, and G. crassula. Species with a last occurrence in the G. 
crassaformis zone at Hole 1207A include S. seminulina, G. conomiozea, G. miotumida, 




 At Hole 1208A, prominent species that range through this zone include G. 
bulloides, G. falconensis, G. foliata, G. woodi, O. universa, G. glutinata, G. puncticulata, 
G. crassaformis, N. atlantica, N. incompta, and N. pachyderma. Species that have a first 
occurrence in this zone at Hole 1208A include B. praedigitata, S. dehiscens, G. crassula, 
and G. tosaensis. Species that have a last occurrence in the G. crassaformis zone at Hole 
1208A include D. baroemoenensis, S. seminulina, G. conomiozea, G. miotumida, and G. 
margaritae (Fig. 2.7). 
Occurrence in Hole 1207A: 9H-3, 77-79 to 7H-6, 27-29 cm (75.07-60.07 mbsf) 
Occurrence in Hole 1208A: 19H-5, 77-79 to 16H-7, 75-77 cm (172.98-147.46 mbsf) 
 
Globoconella puncticulata Lowest Occurrence Zone 
Definition: Biostratigraphic interval from the first occurrence of Globoconella 
puncticulata to the first occurrence of G. crassaformis.   
Age: 4.821 to 3.969 Ma at Hole 1207A, 4.632 to 4.224 Ma at Hole 1208A; early mid-
Zanclean to mid-Zanclean. 
Remarks: This biozone is synonymous with that of Jenkins and Srinivasan (1986) from 
the temperate zonation scheme developed for DSDP Site 593 in the southwest Pacific.  
 Prominent species that range through this zone at Hole 1207A include G. 
bulloides, G. obliquus, G. woodi, O. universa, S. seminulina, T. sacculifer, G. glutinata, 
G. conomiozea, G. miotumida, G. scitula, N. incompta, and N. pachyderma. Species with 
a first occurrence within this zone at Hole 1207A include G. umbilicata and T. 
quinqueloba. Species with a last occurrence at Hole 1207A within the G. puncticulata 




 Prominent species that range through the G. puncticulata zone at Hole 1208A 
include G. bulloides, G. foliata, G. woodi, O. universa, G. glutinata, G. conomiozea, G. 
miotumida, N. incompta, and N. pachyderma (Fig. 2.7). Species with a first occurrence in 
this zone at Hole 1208A include G. siphonifera, S. paenedehiscens, T. quinqueloba, and 
G. theyeri. Sphaeroidinellopsis kochi is the only species from Hole 1208A that has a last 
occurrence within this biozone.  
Occurrence in Hole 1207A: 11H-2, 77-79 to 9H-3, 127-129 cm (92.57-75.57 mbsf) 
Occurrence in Hole 1208A: 20H-7, 77-79 to 19H-6, 77-79 cm (185.48-174.48 mbsf) 
 
Globoconella conomiozea Lowest Occurrence Zone 
Definition: Biozone from the first occurrence of the nominate taxon to the first 
occurrence of G. puncticulata.  
Age: 4.915 to 4.821 at Hole 1207A, 4.753 to 4.632 Ma at Hole 1208A; mid-Zanclean.  
Remarks: This zone is equivalent to that of the southwest Pacific (Jenkins and 
Srinivasan, 1986), however, it may be very compressed in the northwest Pacific. This 
zone is of a very short duration at Holes 1207A and 1208A (0.094 Ma and 0.121 Ma, 
respectively), and occurs over the length of two sections at both holes (Fig. 2.2, 2.3). 
Because of this, the G. conomiozea zone can easily be missed or interpreted as an 
unconformity if only core catcher samples are examined during ship-board 
biostratigraphic investigations.  
 Prominent species that range through this zone at Hole 1207A include B. 




O. universa, S. seminulina, G. glutinata, G. miotumida, G. margaritae, G. menardii, G. 
scitula, N. incompta, and N. pachyderma (Fig. 2.6).  
At Hole 1208A, prominent specimens that range through this zone include G. 
woodi, G. conomiozea, and N. pachyderma. Globoquadrina conglomerata is the only 
species with a first occurrence in this zone at Hole 1208A (Fig. 2.7).  
Occurrence in Hole 1207A: 11H-3, 77-79 to 11H-2, 127-129 cm (94.07-93.07 mbsf) 





Figure 2.7 Select ranges of species and biozones from Hole 1208A plotted against 
chronostratigraphy (Hilgen et al., 2012) and the tropical zonation scheme (Wade et al., 
2011). Bolded species names are those that are primary marker species used to construct 
the Hole 1208A biozones. Ages of the tropical biozones are those tuned to the 
astronomical timescale for the Pacific Ocean where applicable (Wade et al., 2011). 
 
Globorotalia margaritae Lowest Occurrence Zone 
Definition: Biostratigraphic interval from the first occurrence of Globorotalia 




Age: 6.719 to 4.915 Ma at Hole 1207A, 6.588 to 4.753 Ma at Hole 1208A; early 
Messinian to mid-Zanclean. 
Remarks: The Globorotalia margaritae biozone was identified in the warm subtropical 
scheme for the southwest Pacific by Kennett (1973). We have adopted it here in our 
temperate zonation scheme as G. margaritae is a prominent species in the Kuroshio 
Current Extension region, although it does have a discontinuous occurrence at both holes. 
  Prominent species that range through this zone at Hole 1207A include G. 
bulloides, G. conglobatus, G. obliquus, G. nepenthes, G. woodi, O. universa, S. 
seminulina, T. sacculifer, G. glutinata, G. miotumida, G. margaritae, G. menardii, N. 
incompta, and N. pachyderma. Species with a first occurrence within this zone at Hole 
1207A include G. siphonifera, G. extremus, G. hexagona, S. paenedehiscens, G. uvula, 
G. limbata, G. theyeri, G. tumida, and P. primalis. Species with a last occurrence in this 
zone include G. druryi, F. lenguaensis, G. explicationis, and G. juanai. Globorotalia 
pseudomiocenica’s range at Hole 1207A is completely within the G. margaritae zone 
(Fig. 2.6).  
 At Hole 1208A, prominent species that range through the G. margaritae zone 
include G. bulloides, G. foliata, G. woodi, O. universa, S. seminulina, G. glutinata, G. 
margaritae, N. atlantica, N. incompta, and N. pachyderma. Species with a first 
occurrence within this zone at Hole 1208A include G. extremus, G. ruber, G. hexagona, 
G. pseudomiocenica, G. tumida, N. dutertrei, and N. humerosa. Species with a last 
occurrence within this zone at Hole 1208A include G. decoraperta, G. nepenthes, G. 
juanai, and G. merotumida (Fig. 2.7).  




Occurrence in Hole 1208A: 25X-CC to 21X-3, 77-79 cm (224.51-188.98 mbsf) 
 
Globoconella miotumida Partial Range Zone 
Definition: Biozone from the last occurrence of Globoquadrina dehiscens to the first 
occurrence of Globorotalia margaritae.  
Age: 8.972 to 6.719 Ma at Hole 1207A, 9.053 to 6.588 Ma at Hole 1208A; late Tortonian 
to early Messinian.  
Remarks: This zone is equivalent to the Globorotalia miotumida zone of Jenkins and 
Srinivasan (1986) for the southwest Pacific temperate zonation scheme.  
 Prominent species that range through this zone at Hole 1207A include D. 
venezuelana, G. bulloides, G. druryi, G. nepenthes, G. woodi, O. suturalis, O. universa, 
S. seminulina, G. glutinata, G. miotumida, and N. pachyderma. Species with a first 
occurrence within this zone at Hole 1207A include G. conglobatus, G. ruber, G. 
cibaoensis, G. juanai, G. plesiotumida, N. atlantica, and N. humerosa. Species with a last 
occurrence in this interval at Hole 1207A include C. unicavus, G. subquadratus, and S. 
disjuncta (Fig. 2.6).  
 At Hole 1208A, species that range through the Globoconella miotumida zone 
include G. bulloides, G. druryi, G. nepenthes, G. woodi, O. universa, S. seminulina, G. 
glutinata, G. miotumida, and N. pachyderma. Species with a first occurrence within this 
zone at Hole 1208A include G. cibaoensis, G. juanai, N. acostaensis, and N. atlantica. 
Species with a last occurrence in this zone at Hole 1208A include G. subquadratus and 
G. druryi (Fig. 2.7). 




Occurrence in Hole 1208A: 29X-1, 76-78 to 26X-1, 27-29 cm (258.57-229.37 mbsf) 
 
Globoquadrina dehiscens Highest Occurrence Zone 
Definition: Biostratigraphic interval from the last occurrence of Paragloborotalia mayeri 
to the last occurrence of Globoquadrina dehiscens.  
Age: 10.740 to 8.972 Ma at Hole 1207A, 12.161 to 9.053 Ma at Hole 1208A; early 
Tortonian/late Serravallian to late Tortonian.  
Remarks: The Globoquadrina dehiscens Highest Occurrence Zone is equivalent to the 
Neogloboquadrina continuosa zone of the temperate southwest Pacific biostratigraphic 
scheme (Jenkins and Srinivasan, 1986). There is likely large error associated with the last 
occurrence of P. mayeri at Hole 1208A, as the Miocene sections of the hole are severely 
affected by carbonate dissolution (Fig. 2.4).  
 Species that range through this zone at Hole 1207A include D. venezuelana, G. 
bulloides, G. dehiscens, G. druryi, G. nepenthes, G. woodi, O. suturalis, O. universa, S. 
seminulina, G. glutinata, G. menardii, and N. pachyderma. Species with a first 
occurrence within this zone at Hole 1207A include C. nitida, G. apertura, and G. 
merotumida. The entire range of Globorotaloides variabilis is contained within this zone 
(Fig. 2.6).  
Occurrence in Hole 1207A: 17H-1, 127-129 to 15H-CC (148.6-138.05 mbsf) 
Occurrence in Hole 1208A: 32X-5, 77-79 to 29X-3, 27-29 cm (293.38-261.07 mbsf) 
 




Definition: Biostratigraphic zone from the last occurrence of Fohsella peripheroacuta to 
the last occurrence of Paragloborotalia mayeri.  
Age: Unknown to 10.740 Ma at Hole 1207A, Unknown to 12.161 Ma at Hole 1208A.  
Remarks: At Hole 1208A, this zone is undifferentiated with the Fohsella peripheroacuta 
and Orbulina suturalis zones (Fig. 2.7). Fohsella peripheroacuta was not identified at 
Hole 1208A, but the base of Orbulina suturalis was found at the site. We assume 
dissolution has significantly affected the recognition of these zones at Hole 1208A, thus 
hindering precise and accurate calibration of primary marker species and calculation of 
species richness (Fig. 2.4). At Hole 1207A, the top of F. peripheroacuta was not found, 
thus the base of the zone remains uncalibrated.  
Occurrence in Hole 1207A: 18H-4, 78-78 to 17H-2, 27-29 cm (162.1-149.1 mbsf) 
Occurrence in Hole 1208A: The top of this zone is located at 32X-6, 77-79 cm, but this 
zone is undifferentiated from the F. peripheroacuta Total Range Zone and O. suturalis 
Lowest Occurrence Zones of Jenkins and Srinivasan (1986), as F. peripheroacuta was 
not recorded at Hole 1208A. 
2.7 Towards a Pacific and Globally-Correlated Biostratigraphic Zonation Scheme 
This work, along with that of Chapter 1, is the first to characterize plankton 
speciation events across the Kuroshio Current Extension. The result is a detailed 
synthesis of planktic foraminiferal evolution and extinction and new biostratigraphic 
zonation schemes for the northwest Pacific Ocean that can be directly compared to the 





Figure 2.8 Planktic foraminiferal biozones across the Kuroshio Current Extension from 
this work (Holes 1207A and 1208A) compared with the warm subtropical zones of 
Chapter 1 (Hole 1209A) and the tropical zonation scheme of Wade et al. (2011). 




Surprisingly, there is a large amount of diachroneity among primary marker 
species across the Kuroshio Current Extension and its ecotone. Between Hole 1207A and 
Hole 1208A datums, diachroneity is, on average, 0.15 Ma (excluding the difference 
between the top of P. mayeri at both holes, as this is likely largely influenced by 
dissolution, Fig. 2.4). There is an average diachroneity of 0.809 myr among primary 
datums between holes 1208A and 1209A. In general, diachroneity of primary marker 
datums at Hole 1209A and Hole 1208A decrease through the late Neogene. For example, 
the difference of the base common of G. hirsuta between the two sites is 0.42 Ma, 
whereas the difference of the top of G. dehiscens is 2.29 Ma. Lam and Leckie (Chapter 1) 
reported that datums from the subtropical southern section of the Kuroshio Current 
Extension compared to those in the tropical zonation scheme of Wade et al. (2011) 
differed on average by 0.56 Ma. The larger difference in the average age of primary 
datums between Hole 1209A and Hole 1208A compared to those between Hole 1209A 
and the tropical datums further support the dynamic nature of the Kuroshio Current 
Extension and how the sharp ecotone in the northwest Pacific has affected the timing of 
plankton speciation events through the late Neogene.  
 Because none of the Japanese sections discussed earlier in the text have 
magnetostratigraphy, there is no way to determine how diachronous species’ first and last 
occurrences are among the mainland sections and the deep-sea sections presented here. It 
is clear from the works of Saito (1963), Oda (1971), Asano et al. (1975), and Hayashi and 
Takahashi (2002), in which they identified Blow’s (1969) tropical zones, that parts of 
Japan, namely those sections on the southeastern side of the country, were very much 




Current compared to the deep-sea sites discussed in this text. Additional work could 
focus on correlating the on-shore Japan sequences with deep marine sections to better 
understand the paleobiogeography of key planktic foraminiferal species within the 
Kuroshio Current and its extension. 
2.8 Summary and Conclusions 
In this contribution, we present the first magnetostratigraphically-calibrated 
Pacific Ocean mid-latitude planktic foraminiferal biostratigraphy and updated taxonomy 
for the late Neogene Period within the Kuroshio Current Extension. Two Ocean Drilling 
Program holes drilled on Shatsky Rise were employed in the study, Holes 1207A and 
1208A from the northern and central highs, respectively. These sites lie under the 
modern-day position of the Kuroshio Current Extension. A total of 134 samples from 
Hole 1207A and 199 samples from Hole 1208A were investigated for planktic 
foraminiferal species. Semi-quantitative abundance data were recorded for each sample. 
Species’ first and last occurrences were constrained to an average error of ± .115 Ma at 
Hole 1207A, and ±.051 Ma at Hole 1208A. From the occurrence data, the southwest 
Pacific temperate zonation scheme of Jenkins and Srinivasan (1986) was applied at both 
sites, with modifications to more finely subdivide the late Neogene sections. A total of 
ten biozones were identified and defined at Hole 1207A, and nine at Hole 1208A. At 
Hole 1208A, the Paraglobortalia mayeri/ Fohsella peripheroactua/Orbulina suturalis 
zones could not be differentiated. Correlation of these biozones with those created for the 
subtropical sector of the Kuroshio Current Extension and the tropical biozones indicates a 
large degree of diachroneity among all the schemes. Between primary marker datums 




resistant to dissolution susceptible species and species richness calculated at both holes 
indicates a large degree of dissolution within the Miocene sections. This becomes less 
prevalent in the late Pliocene and Pleistocene sections. Dissolution has severely affected 
the Miocene assemblages, which was undoubtedly caused diachroneity of primary maker 
datums. The zones presented herein could not be correlated to the on-shore sequences of 
Japan, as they lack magnetostratigraphy. The work presented herein is the first step to 
understanding the late Neogene paleobiogeography of planktic foraminiferal species in 
the northwest Pacific Ocean. 
2.9 Systematic Paleontology  
In the following text, we have documented a wide range of species that occur in 
the northwest Pacific Ocean within the Kuroshio Current Extension to establish a robust 
planktic foraminiferal biostratigraphy and catalogue of species. The stratigraphic ranges 
of all species that occur at Hole 1208A are listed in the depth and age domain in 
Appendices G and H. Those of Hole 1207A are listed in Appendices F and G.  
 Most of the taxonomic work presented builds on the taxonomic work of Chapter 1 
for the northwest Pacific Hole 1209A. Further refinement of taxonomic concepts is 
presented herein. The ‘Remarks’ section is used as a space to further elaborate on the 
most important and relevant features we used to identify species and should not be treated 
as an exhaustive list of all characters of a specific species or genus. For species who have 
been included in the Atlas of Oligocene Planktonic Foraminifera (Wade et al., 2018), we 
have included their synonymy list here, along with new citations where relevant.  
 Species with a questionable occurrence were not included in the following 




Scanning electron microscope (SEM) images are arranged mainly by the order in which 
species are listed below, with those from Hole 1207A figured first followed by images 
from Hole 1208A. 
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 
Family CANDEINIDAE Cushman, 1927 
Genus Candeina d’Orbigny, 1839 
Type species: Candeina nitida d’Orbigny, 1839 
 
Candeina nitida d’Orbigny, 1839 
Plate 2.1, Fig. 1 
Candeina nitida d’Orbigny, 1839, p. 107, pl. 2, figs. 27-28; Kennett, 1973, p. 599, pl. 1, 
figs. 1-4; Kennett and Srinivasan, 1983, p. 228, pl. 57, figs. 6-8; Chaisson and 
Leckie, 1993, p. 155, pl. 1, fig. 8; Chapter 1, pl. 1, figs. 1-2.  
Stratigraphic range. 1207A-15H-CC to 1207A-6H-CC 
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 
Family GLOBIGERINIDAE Carpenter, Parker, and Jones, 1862 
Genus Beella Banner and Blow, 1960 





Beella digitata (Brady, 1879) 
Plate 2.1, Fig. 2 
Globigerina digitata Brady, 1879, p. 599, pl. 80, figs. 6-10; Kennett, 1973, p. 603, pl. 3, 
fig. 6; Kennett and Vella, 1975, p. 786, pl. 2, fig. 7.  
Beella digitata (Brady). Kennett and Srinivasan, 1983, p. 232, pl. 58, fig. 2, 6-8; Chapter 
1, pl. 1, figs. 3-4.  
Remarks. Beella digitata differs from B. praedigitata by having more radially 
elongated chambers.  
Stratigraphic range. 1207A-3H-2, 27-29 to 1207A-1H-3, 27-29; 1208A-7H-2, 
75-77 to 1208A-1H-3, 77-79 
 
Beella praedigitata (Parker, 1967) 
Plate 2.1, Fig. 3 
Globigerina praedigitata Parker, 1967, p. 151, pl. 19, figs. 5-8; Kennett, 1973, p. 603, pl. 
3, figs. 4-5. 
Beella praedigitata (Parker). Kennett and Srinivasan, 1983, p. 232, pl. 58, figs. 2-5. 
Remarks. Beella praedigitata is distinguished from B. digitata by having more 
rounded chambers that are not radially elongate.  
Stratigraphic range. 1207A-18H-2, 127-129 to 1207A-2H-1, 27-29; 1208A-17H-
2, 75-77 to 1208A-8H-3, 75-77 
 
Genus Catapsydrax Bolli, Loeblich, and Tappan, 1957 





Catapsydrax unicavus Bolli, Loeblich, and Tappan, 1957 
Plate 2.1, Figs. 4-7 
Catapsydrax unicavus Bolli, Loeblich, and Tappan, 1957, p. 37, pl. 7, fig. 9a-c, pl. 37, 
fig. 7a-b; Leckie et al., 1993, p. 123, pl. 3, fig. 15; Cicha et al., 1998, p. 40, pl. 40, 
figs. 1-2; Olsson et al., 2006, p. 75, pl. 5.3, figs. 1-4, 14, 16; Pearson and Wade, 
2009, p. 200-202, pl. 2, fig. 2a-g; Pearson and Wade, 2015, p. 8, figs. 4.1a-d, figs. 
4.2a-c, fogs. 4.3a-4, fig. 4.5a-c.  
Globorotaloides suteri Bolli. Bolli, 1957, p. 116, pl. 27, figs. 9-13b, fig. 4.5a-c; Blow and 
Banner, 1962, p. 112-113, pl. XIII, figs. N-P; Blow, 1979, p. 1358, pl. 247, figs. 
9-10; Spezzaferri, 1994, p. 45, pl. 34, fig. 5a-c. 
Globigerinita unicava (Bolli, Loeblich, and Tappan). Brönnimann and Resig, 1971, p. 
1307, pl. 25, fig. 5; Krasheninnikov and Pflaumann, 1977, p. 592, pl. 7, figs. 4a-b, 
5, 6a-c.  
Catapsydrax unicava unicava Bolli, Loeblich, and Tappan. Quilty, 1976, pl. 8, figs. 2-3.  
Globigerinita simulans Bermúdez, 1961, p. 1198, pl. 6, figs. 10-13.  
Globigerinita simulans (Bermúdez). Blow, 1979, p. 1343-1345, pl. 186, figs. 6-7.  
Globigerinita unicava primitiva Blow and Banner, 1962, p. 114-115, pl. XIV, figs. J-L; 
Brönnimann and Resig, 1971, p. 1307, pl. 25, figs. 7-8; Krasheninnikov and 
Basov, 1983, p. 839, pl. 6, figs. 9-10; Hooyberghs et al., 1992, p. 9, pl. 6, figs. 6-
9.  




Globigerinita pera (Todd). Brönnimann and Resig, 1971, p. 1306, pl. 25, figs. 1-3. 
Krasheninnikov and Basov, 1983, p. 839, pl. 6, figs. 3-4; Hooyberghs et al., 1992, 
p. 9, pl. 6, figs. 3-5.  
Catapsydrax pera (Todd). Quilty, 1976, p. 641, pl. 7, figs. 20-21; Cicha et al., 1998, p. 
88, pl. 40, figs. 3-5.  
Catapsydrax perus (Todd). Fleisher, 1974, p. 1016, pl. 4, fig. 7. 
Globigerinita martini scandretti Blow and Banner. Hooyberghs and De Meuter, 1972, p. 
32, pl. 11, figs. 2a-c; Hooyberghs et al., 1992, p. 9, pl. 5, figs. 19-20, pl. 6, figs. 1-
2.  
Catapsydrax boweni (Brönnimann and Resig). Quilty, 1976, p. 641, pl. 7, figs. 16-17. 
Catapsydrax martini martini (Blow and Banner). Quilty, 1976, p. 641, pl. 7, figs. 16-17. 
Globigerinita martini martini (Blow and Banner). Hooyberghs et al., 1992, p. 9, pl. 5, 
figs. 15-18. 
Globigerinita martini Blow and Banner. Krasheninnikov and Basov, 1983, p. 839, pl. 6, 
figs. 5-8.  
Catapsydrax parvulus Bolli, Loeblich, and Tappan. Quilty, 1976, p. 679, pl. 7, figs. 18-
19; Kennett and Srinivasan, 1983, p. 26, pl. 2, fig. 2, pl. 3, figs. 7-9; Barbieri and 
Ori, 2000, p. 10, pl. 1, fig. 14; Hilgen et al., 2000, p. 192, pl. 1, figs. 13-15; 
Stefano et al., 2011, pl. 2, fig. 4.   
Globorotaloides turgidus (Finlay). Krasheninnikov and Basov, 1983, p. 840, pl. 7, figs. 
7-9.  




Not Catapsydrax unicavus Bolli, Loeblich, and Tappan. Olsson et al., 2006, p. 75, pl. 5.3, 
figs. 9-11. 
Remarks. At Hole 1207A, to the author’s knowledge, recorded the latest last 
occurrence of the Catapsydrax genus to date. We follow the synonymy of Coxall and 
Spezzaferri (2018) and assign smaller specimens that would have been previously placed 
in C. parvulus instead to C. unicavus.  
Stratigraphic range. 1207A-17H-6, 27-29 to 1207A-15H-3, 77-79 
 
Genus Dentoglobigerina Blow, 1979 
Type species: Globigerina galavisi Bermudez, 1961 
 
Dentoglobigerina altispira (Cushman and Jarvis, 1936) 
Plate 2.1, Figs. 8-13 
Globigerina altispira Cushman and Jarvis, 1936, p. 5, pl. 1, figs. 13a-c.  
Globoquadrina altispira globosa (Cushman and Jarvis). Bolli, 1957, p. 111, pl. 24, figs. 
9a-c. 
Globoquadrina altispira (Cushman and Jarvis). Kennett, 1973, p. 603, pl. 3, figs. 1-3.  
Dentoglobigerina altispira altispira (Cushman and Jarvis). Kennett and Srinivasan, 1983, 
p. 188, pl. 46, figs. 4-6; Chaisson and Leckie, 1993, p. 155, pl. 9, fig. 8; Fox and 
Wade, 2013, p. 379, figs. 4.1-4.6; Chapter 1, pl. 1, figs. 5-10.  
Dentoglobigerina altispira globosa (Bolli). Kennett and Srinivasan, 1983, p. 189, pl. 44, 




“Dentoglobigerina” altispira (Cushman and Jarvis). Pearson, 1995, p. 45, pl. 4, figs. 20, 
23. 
Remarks. In this contribution, we have not split out Dentoglobigerina altispira 
from Dentoglobigerina altispira globosa.  
Stratigraphic range. 1207A-18H-4, 78-80 to 1207A-7H-5, 127-129; 1208A-34X-
3, 77-79 to 1208A-16H-2, 75-77 
 
Dentoglobigerina baroemoenensis (LeRoy, 1939) 
Plate 2.1, Figs. 14-20 
Globigerina baroemoenensis LeRoy, 1939, p. 263, pl. 6, figs. 1-2.  
Globigerina c.f. altispira (Cushman and Jarvis). Kennett, 1973, p. 617, pl. 10, figs. 1-4.  
Globoquadrina baroemoenensis (LeRoy). Blow, 1969, p. 340-341, pl. 28, fig. 4; Poore, 
1979, p. 470, pl. 18, figs. 8-9, 10-12; Blow, 1979, pl. 28, fig. 4; Kennett and 
Srinivasan, 1983, p. 186, pl. 6, figs. 1-3; Berggren et al., 1983, pl. 1, fig. 12; 
Chaisson and Leckie, 1993, p. 159 (partim), pl. 9, fig. 7. 
Globigerina baroemoenensis var. quadrata LeRoy, 1944, p. 39, pl. 3, figs. 34-35, pl. 7, 
figs. 37-39.  
Dentoglobigerina baroemoenensis (LeRoy). Blow, 1979, p. 763, 1300, pl. 28, fig. 8; 
Spezzaferri and Premoli Silva, 1991, p. 237, pl. 2, figs. 4a-c. Spezzaferri, 1994, p. 
40, pl. 40, figs. 1a-c (reproduced from Spezzaferri and Premoli Silva, 1991, pl. 2, 
figs. 4a-c); Fox and Wade, 2013, 379, figs. 5.1, 5.2; Chapter, pl. 1, figs. 11-15.  
Dentoglobigerina galavisi Bermudez/Globoquadrina baroemoenensis (LeRoy) transition. 




Remarks. Dentoglobigerina baroemoenensis can become quite gradational with D. 
venezuelana in some intervals. We identified this species based on its very flat spiral side, 
more subquadrate outline, umbilical flattening of the apertural face, and reniform 
chambers in the final whorl.  
Stratigraphic range. 1207A-18H-4, 78-80 to 1207A-7H-5, 127-129; 1208A-35X-
2, 77-79 to 1208A-18H-2, 77-79 
 
Dentoglobigerina venezuelana (Hedberg, 1937) 
Plate 2.1, Figs. 21-24 
Globigerina venezuelana Hedberg, 1937, p. 681, pl. 92, fig. 72b.  
Globoquadrina venezuelana (Hedberg). Kennett, 1973, p. 615, pl. 9, figs 14-15; Kennett 
and Srinivasan, 1983, p. 180, pl. 44, figs. 5-7.  
“Globoquadrina” venezuelana (Hedberg). Pearson, 1995, p. 49, pl. 1, fig. 10. 
“Dentoglobigerina” venezuelana (Hedberg). Fox and Wade, 2013, p. 400, figs. 8.4-8.6, 
13.4; Chapter 1, pl. 1, figs. 16-23. 
Stratigraphic range. 1207A-18H-4, 78-80 to 1207A-7H-4, 127-129; 1208A-35X-
2, 77-79 to 1208A-14H-4, 75-77 
 
Genus Globigerina d’Orbigny, 1826 
Type species: Globigerina bulloides d’Orbigny, 1826 
 
Globigerina bulloides d’Orbigny, 1826 




Globigerina bulloides d’Orbigny, 1826, p. 3, pl. 1, figs. 1-4; Kennett, 1973, p. 599, pl. 1, 
figs. 12-14; Kennett and Vella, 1975, p. 784, pl. 1, figs. 1-4; Keller, 1978b, p. 
340, pl. 2, figs. 1-2; Chaisson and Leckie, 1993, p. 155, pl. 1, figs. 13-14; Chapter 
1, pl. 2, figs. 1-2.  
Globigerina (Globigerina) bulloides d’Orbigny. Kennett and Srinivasan, 1983, p. 36, pl. 
6, figs. 4-6.  
Globigerina parabulloides Blow. Keller, 1980, p. 827, pl. 1, figs. 1-2. 
Globigerina foliata Bolli, 1957. Keller, 1980, p. 827, pl. 1, figs. 5-6.     
Remarks. This species’ morphology can become highly variable, with some 
intervals containing smaller, more tightly coiled specimens and others containing 
specimens with looser coiling, much larger tests, and a very open aperture. As G. 
bulloides is commonly used to identify upwelling regions (e.g., Thunell and Reynolds, 
1984; Li and McGowran, 1994; Antonarakou et al., 2001), we suspect these morphologic 
changes are due to changing oceanographic factors within the Kuroshio Current 
Extension through the late Neogene.  
Stratigraphic range. 1207A-18H-4, 78-80 to 1207A-1H-1, 29-31; 1208A-35X-2, 
77-79 to 1208A-1H-1, 77-79 
 
Globigerina falconensis Blow, 1959 
Plate 2.2, Figs. 5, 10 
Globigerina falconensis Blow, 1959, p. 177, pl. 9, figs. 40a-c, 41; Kennett, 1973, p. 601, 




3, figs. 1-2; Kennett and Srinivasan, 1983, p. 40, pl. 7, figs. 1-3; Chapter 1, pl. 2, 
figs. 3-4.  
Remarks. Globigerina falconensis differs from G. bulloides by having a lip or rim 
over the aperture and is generally smaller in size.  
Stratigraphic range. 1207A-18H-1, 79-81 to 1207A-1H-1, 29-31; 1208A-30X-
CC to 1208A-1H-1, 77-79 
 
Globigerina foliata Bolli, 1957 
Plate 2.2, Figs. 7-9 
Globigerina foliata Bolli, 1957, p. 111, pl. 24, figs. 1a-c; Blow, 1969, p. 319, pl. 16, figs. 
2-3; Fayose, 1970, p. 43, pl. 12, fig. 4; Kadar, 1972, p. 63, pl. 2, fig. 10; Ujiie and 
Ujiie, 2000, p. 358, pl. 2, fig. 13; Beldean et al., 2012, p. 183, pl. 4, fig. 4.  
Remarks: We differentiate Globigerina foliata from G. bulloides by the former 
having a 
smaller aperture that is interiomarginal with a low and indistinct lip or rim.   
Stratigraphic range: 1207A-18H-1, 79-81 to 1207A-1H-1, 80-82; 1208A-33X-3, 
77-79 to 1208A-4H-1, 77-79 
 
Globigerina umbilicata Orr and Zaitzeff, 1971 
Plate 2.2, Fig. 6 
Globigerina umbilicata Orr and Zaitzeff, 1971, p. 18, pl. 1, figs. 1-4; Keller, 1978b, p. 
340, pl. 2, figs. 10-11; Keller, 1980, p. 827, pl. 1, figs. 9-10; Kennett and 




Remarks. This species is very similar in appearance to Globigerina bulloides but 
differs by having 5-6 chambers in the final whorl and a very open aperture.  
Stratigraphic range. 1207A-10H-CC to 1207A-5H-CC; 1208A-10H-1, 77-79 to 
1208A-3H-6, 77-79 
 
Genus Globigerinella Cushman, 1927 
Type species: Globigerina aequilateralis Brady, 1879 
 
Globigerinella calida (Parker, 1962) 
Globigerina calida Parker, 1962, p. 221, pl. 1, figs. 9-13 and 15.  
Globigerinella calida (Parker). Kennett and Srinivasan, 1983, p. 240, pl. 60, figs. 7-9.  
Remarks. We differentiate Globigerinella calida from G. obesa by the former 
having more radially elongate chambers and looser coiling.  
Stratigraphic range. 1207A-9H-1, 77-79 to 1207A-4H-2, 127-129; 1208A-9H-4, 
77-79 to 1208A-2H-7, 73-75 
 
Globigerinella obesa (Bolli, 1957) 
Plate 2.2, Figs. 11-14 
Globorotalia obesa Bolli, 1957, p. 119, pl. 29, figs. 2a-3.  
Globigerinella obesa (Bolli). Kennett and Srinivasan, 1983, p. 234, pl. 59, figs. 2-5; 
Chaisson and Leckie, 1993, p. 157, pl. 1, figs. 3-4; Chapter 1, pl. 2, figs. 10-11.  




Remarks. Globigerinella obesa can be easily confused with G. bulloides, as the 
two can become quite similar in morphology. We distinguished G. obesa based on its 
slightly different wall texture (presence of spine bases), it’s relatively flat spiral side, and 
smaller aperture. In addition, the chambers of G. obesa are more tightly embracing so 
that its sutures resemble clay balls that have been slightly squished together.  
Stratigraphic range. 1207A-18H-4, 778-80 to 1207A-1H-1, 29-31; 1208A-34X-3, 
77-79 to 1208A-3H-5, 77-79 
 
Globigerinella siphonifera (d’Orbigny, 1839) 
Plate 2.2, Figs. 15, 20 
Globigerina siphonifera d’Orbigny, 1839, p. 83.  
Globigerina aequilateralis Brady, 1879, p. 285 (figs in Brady, 1884, pl. 80, figs. 18-21).  
Hastigerina aequilateralis (Brady). Kennett, 1973, p. 615, pl. 9, figs. 1-5.  
Globigerinella aequilateralis (Brady). Kennett and Srinivasan, 1983, p. 238, pl. 60, figs. 
4-6; Chaisson and Leckie, 1993, p. 157, pl. 1, figs. 1-2; Chapter 1, pl. 2, figs. 5-9. 
Globigerinella siphonifera (d’Orbigny). Pearson, p. 47, pl. 5, figs. 14, 15. 
Stratigraphic range. 1207A-12H-6, 27-29 to 1207A-1H-1, 29-31; 1208A-20H-3, 
77-79 to 1208A-1H-1, 77-79 
 
Genus Globigerinoides Cushman, 1927 
Type species: Globigerina rubra d’Orbigny, 1839 
 




Globigerinoides bolli Blow, 1959, p. 189, pl. 10, figs. 65a-c; Kennett, 1973, p. 603, pl. 3, 
fig. 10; Kennett and Srinivasan, 1983, p. 70, pl. 15, figs. 4-6.  
Stratigraphic range. 1207A-9H-2, 127-129 to 1207A-7H-5, 77-79 
 
Globigerinoides conglobatus (Brady, 1879) 
Plate 2, Figs. 16-17 
Globigerina conglobata Brady, 1879, p. 28b.  
Globigerinoides conglobatus (Brady). Kennett, 1973, p. 603, pl. 3, figs. 12, 14, 15; 
Kennett and Srinivasan, 1983, p. 58, pl. 12, figs. 4-6; Chaisson and Leckie, 1993, 
p. 157, pl. 2, fig. 8; Chapter 1, pl. 2, figs. 12-15.  
Stratigraphic range. 1207A-14H-1, 78-80 to 1207A-1H-1, 29-31; 1208A-25X-
CC to 1208A-1H-3, 77-79 
 
Globigerinoides extremus Bolli and Bermudez, 1965 
Plate 2.2, Figs. 18-19 
Globigerinoides obliquus extremus Bolli and Bermudez, 1965, p. 139, pl. 1, figs. 10-12; 
Bolli and Saunders, 1985, p. 194, fig. 20.11.  
Globigerinoides extremus Bolli. Kennett and Srinivasan, 1983, p. 58, p. 12, figs. 1-3; 
Chaisson and Leckie, 1993, p. 158, pl. 2, fig. 3; Chapter 1, pl. 2, figs. 16-19.  
Stratigraphic range. 1207A-12H-4, 128-130 to 1207A-4H-5, 27-29; 1208A-24X-
1, 77-79 to 1208A-9H-6, 75-77 
 




Globigeriniodes mitra Todd, 1957, p. 302, pl. 78, figs. 3, 6; Kennett, 1973, p. 605, pl. 4, 
fig. 1; Kennett and Srinivasan, 1983, p. 76, pl. 16, figs. 7-9.  
Stratigraphic range. 1208A-34X-3, 77-79 
 
Globigerinoides obliquus Bolli, 1957 
Plate 2.2, Fig. 21 
Globigerinoides obliqua Bolli, 1957, p. 113, pl. 25, figs. 10a-c;  
Globigerinoides obliquus (Bolli). Kennett, 1973, p. 603, pl. 3, fig. 11, p. 605, pl. 4, figs. 
2-5; Kennett and Srinivasan, 1983, p. 56, pl. 11, figs. 7-9; Chaisson and Leckie, 
1993, p. 158, pl. 2, figs. 1-2; Chapter 1, pl. 2, fig. 22. 
Not Globigerinoides obliquus (Bolli). Kennett, 1973, p. 603, pl. 3, fig. 13.  
Stratigraphic range. 1207A-17H-7, 27-29 to 1207A-1H-CC; 1208A-29X-3, 77-
79 to 1208A-10H-1, 77-79 
 
Globigerinoides ruber (d’Orbigny, 1839) 
Plate 2.2, Figs. 22-23 
Globigerinoides rubra d’Orbigny, 1839, p. 82, pl. 4, figs. 12-14.  
Globigerinoides ruber (d’Orbigny). Kennett and Srinivasan, 1983, p. 10, fig. 6; pl. 17, 
figs. 1-3; Chapter 1, pl. 2, figs. 20-21.  
Globigerinoides ruber s.l. (d’Orbigny). Pearson, 1995, p. 48, pl. 5, fig. 4. 
Remarks. Although rare in the northwest Pacific, we have separated out G. ruber 




Stratigraphic range. 1207A-14H-1, 127-129 to 1207A-1H-1, 29-31; 1208A-23X-
2, 77-79 to 1208A-1H-1, 77-79 
 
Globigerinoides subquadratus Brönnimann, 1954 
Plate 2.2, Figs. 24-25 
Globigerinoides subquadratus Brönnimann, 1954, p. 680, pl. 1, figs. 8a-c; Kennett and 
Srinivasan, 1983, p. 74, pl. 16, figs. 1-3; Chaisson and Leckie, 1993, p. 159, pl. 2, 
fig. 12; Fox and Wade, 2013, p. 400, figs. 11.3, 20; Chapter 1, pl. 3, figs. 1-4.  
Stratigraphic range. 1207A-17H-7, 27-29 to 1207A-15H-4, 77-79; 1208A-35X-2, 
77-79 to 1208A-28X-5, 77-79 
 
Genus Globoquadrina Finlay, 1947 
Type species: Globorotalia dehiscens Chapman, Parr, and Collins, 1934 
 
Globoquadrina dehiscens (Chapman, Parr, and Collins, 1934) 
Plate 2.3, Figs. 1-5, 8-10 
Globorotalia dehiscens Chapman, Parr, and Collins, 1934, p. 596, pl. 11, figs. 36a-c.  
Globoquadrina dehiscens (Chapman, Parr, and Collins). Kennett, 1973, p. 615, pl. 9, figs. 
9-13. Kennett and Srinivasan, 1983, p. 184, pl. 44, fig. 2; pl. 45, figs. 7-9; 
Hornibrook, 1989, fig. 28 14; Chaisson and Leckie, 1993, p. 159, pl. 9, figs. 14-
16; Pearson, 1995, p. 48, pl. 4, figs. 21, 24; Fox and Wade, 2013, p. 401, figs. 9.1-




Remarks. Globoquadrina dehiscens is quite persistent at Hole 1208A until its last 
appearance datum. We differentiated G. dehiscens from D. baroemoenensis the former 
species’ much more flattened and steeper apertural face and 3 to 3.5 chambers in the final 
whorl compared to the 4 that typify D. baroemoenensis.  
Stratigraphic range. 1207A-18H-4, 78-80 to 1207A-15H-CC; 1208A-35X-2, 77-
79 to 1208A-29X-3, 27-29 
 
Globoquadrina conglomerata (Schwager, 1866) 
Plate 2.3, Figs. 6-7 
Globigerina conglomerata Schwager, 1866, p. 255, pl. 7, fig. 113; Parker, 1962, p. 240, 
pl. 6, figs. 11-18; Parker, 1967, p. 165, pl. 27, figs. 1-3.  
Globoquadrina pseudofoliata (Schwager). Parker, 1967, p. 170, pl. 27, figs. 1-3.  
Globoquadrina conglomerata (Schwager). Chaisson and Leckie, 1993, p. 159, pl. 9, fig. 
1; Chapter 1, pl. 3, figs. 5-8. 
Stratigraphic range. 1207A-7H-CC; 1208A-20H-CC to 1208A-6H-4, 77-79 
 
Genus Globorotaloides Bolli, 1957 
Type species: Globorotaloides variabilis Bolli, 1957 
 
Globorotaloides hexagona (Natland, 1938) 
Plate 2.3, Figs. 11-13 




Globorotaloides hexagona (Natland). Kennett, 1973, p. 635, pl. 19, figs. 4-6; Keller, 
1978b, p. 345, pl. 5, figs. 11-12; Kennett and Srinivasan, 1983, p. 216, pl. 54, figs. 
1, 3-5; Chaisson and Leckie, 1993, p. 163, pl. 9, fig. 4. 
Globorotaloides hexagonus (Natland). Fox and Wade, 2013, p. 401, fig. 13.2. 
Stratigraphic range. 1207A-12H-CC to 1207A-1H-4, 4-6; 1208A-24X-3, 77-79 
to 1208A-3H-3, 77-79 
 
Globorotaloides variabilis Bolli, 1957 
Plate 2.3, Figs. 14-15, 19-20 
Globorotaloides variabilis Bolli, 1957, p. 117, pl. 27, figs. 15a-20c; Kennett and 
Srinivasan, 1983, p. 214, pl. 53, figs. 2, 6-8; Chaisson and Leckie, 1993, p. 164, 
pl. 9, fig. 3.  
Stratigraphic range. 1207A-16H-5, 127-129 to 1207A-15H-CC; 1208A-32X-6, 
77-79 
 
Genus Globoturborotalita Hofker, 1976 
Type species: Globigerina rubescens Hofker, 1956 
 
Globoturborotalita apertura Cushman, 1918 
Plate 2.3, Figs. 17-18 
Globigerina apertura Cushman, 1918, p. 57, pl. 12, figs. 8a-c; Chaisson and Leckie, 




Globigerina (Zeaglobigerina) apertura Cushman. Kennett and Srinivasan, 1983, p. 44, 
pl. 8, figs. 4-6.  
Globoturborotalita apertura (Cushman). Chapter 1, pl. 3, figs. 11-12.  
Stratigraphic range. 1207A-17H-1, 127-129 to 1207A-6H-5, 27-29; 1208A-29X-
3, 77-79 to 1208A-13H-6, 75-77 
 
Globoturborotalita decoraperta (Takayanagi and Saito, 1962) 
Globigerina druryi Akers decoraperta Takayanagi and Saito, 1962, p. 85, pl. 28, figs. 
10a-c. 
Globigerina decoraperta Takayanagi and Saito. Kennett, 1973, p. 601, pl. 2, figs. 9-10; 
Kennett and Vella, 1975, p. 784, pl. 1, figs. 15-16; Kennett and Srinivasan, 1983, 
p. 48, pl. 9, figs. 4-6; Chaisson and Leckie, 1993, p. 156, pl. 1, fig. 7. 
Stratigraphic range: 1207A-15H-4, 77-79 to 1207A-7H-4, 19-21; 1208A-29X-3, 
27-29 to 1208A-22X-2, 77-79 
 
Globoturborotalita druryi (Akers, 1955) 
Plate 2.4, Figs. 3-9 
Globigerina druryi Akers, 1955, p. 654, pl. 65, fig. 1; Kennett, 1973, p. 601, pl. 2, figs. 
15-16; Chaisson and Leckie, 1993, pl. 1, figs. 10-11.   
Globigerina (Zealobigerina) druryi Akers. Kennett and Srinivasan, 1983, p. 46, pl. 8, 
figs. 7-9.  




Stratigraphic range: 1207A-17H-CC to 1207A-11H-CC; 1208A-33X-3, 77-79 to 
1208A-26-1, 27-29 
 
Globoturborotalita nepenthes (Todd, 1957) 
Plate 2.4, Figs. 10, 12-15 
Globigerina nepenthes Todd, 1957, p. 301, figs. 7a-b; Kennett, 1973, p. 601, pl. 2, figs. 
11-14; Hornibrook, 1989, fig. 28 6; Chaisson and Leckie, 1993, pl. 1, fig. 12.  
Globigerina (Zeaglobigerina) nepenthes Todd. Kennett and Srinivasan, 1983, p. 48, pl. 9, 
figs. 1-3.  
Globoturborotalita nepenthes (Todd). Chapter 1, pl. 3, figs. 14-16. 
Stratigraphic range: 1207A-17H-CC to 1207A-10H-5, 77-79; 1208A-33X-2, 77-
79 to 1208A-22X-1, 77-79 
 
Globoturborotalita rubescens (Hofker, 1956) 
Plate 2.4, Fig. 11 
Globigerina rubescens Hofker, 1956, p. 234, pl. 32, fi. 26; pl. 35, figs. 18-21.  
Globigerina (Zeaglobigerina) rubescens (Hofker) Kennett and Srinivasan, 1983, p. 50, 
pl. 9, figs. 7-9.  
Stratigraphic range: 1207A-1H-CC; 1208A-14H-5, 75-77 to 1208A-1H-1, 77-79 
 
Globoturborotalita woodi Jenkins, 1960 




Globigerina woodi Jenkins, 1960, p. 352, pl. 2, figs. 2a-c; Kennett, 1973, p. 601, pl. 2, 
figs. 5-8; Kennett and Vella, 1975, p. 784, pl. 1, figs. 9-12; Jenkins, 1978, p. 728, 
pl. 1, figs. 6, 7; Keller, 1981, p. 200, pl. 3, figs. o-n; Hornibrook, 1989, fig. 27 4a-
b; Chaisson and Leckie, 1993, p. 156, pl. 1, figs. 17, 18. 
Globigerina (Zeaglobigerina) woodi Jenkins. Kennett and Srinivasan, 1983, p. 43, pl. 7, 
figs. 4-6. 
Globigerina woodi woodi Jenkins. Basov et al., 1983, p. 839, pl. 11, figs. 1-4. 
Globigerina (Turborotalita) woodi woodi Jenkins. Chaproniere, 1988, p. 124, pl. 1, figs. 
1-15, pl. 2, figs. 15-26.  
Zeaglobigerina woodi (Jenkins). Spezzaferri, 1994, p. 31-31, pl. 5, figs. 3a-c.  
Zeaglobigerina woodi (Jenkins). Li and McGowran, 2000, p. 45, fig. 20G; Stewart et al., 
2004, pl. A.2, figs. 12-14. 
Globigerina druryi Akers. Hooyberghs and De Meuter, 1972, p. 19, pl. 4, figs. 3a-c.  
Globoturborotalita woodi (Jenkins). Spezzaferri et al., 2018, p. 262-264, pl. 8.14, figs. 1-
17; Chapter 1, pl. 3, figs. 17-18.  
Stratigraphic range: 1207A-18H-2, 127-129 to 1207A-3H-1, 81-83; 1208A-35X-
2, 77-79 to 1208A-4H-1, 77-79 
 
Genus Orbulina d’Orbigny, 1839 
Type species: Orbulina universa d’Orbigny, 1839 
 
Orbulina suturalis Brönnimann, 1951 




Orbulina suturalis Brönnimann, 1951, p. 135, text fig. IV, figs 15, 15, 20; Kennett, 1973, 
p. 635, pl. 19, figs. 12-13, p. 637, pl. 20, figs. 1-6; Kennett and Srinivasan, 1983, 
p. 86, pl. 20, figs. 1-3; Hornibrook, 1989, fig. 28 1; Chapter 1, pl. 3, fig. 19.  
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-6H-1, 39-41; 1208A-34X-3, 
77-79 to 1208A-12H-1, 77-79 
 
Orbulina universa d’Orbigny, 1839 
Plate 2.4, Fig. 17-19 
Orbulina universa d’Orbigny, 1839, p. 3, pl. 1, fig. 1; Kennett, 1973, p. 637, pl. 20, fig. 
7; Kennett and Srinivasan, 1983, p. 86, pl. 18, fig. 2; pl. 20, figs. 4-6; Hornibrook, 
1989, fig. 28 2; Chapter 1, pl. 3, fig. 20.  
Stratigraphic range: 1207A-18H-4, 78-70 to 1207A-1H-1, 29-31; 1208A-35X-2, 
77-79 to 1208A-1H-1, 77-79 
Genus Paragloborotalia Cifelli, 1982 
Type species: Globorotalia opima subsp. opima Bolli, 1957 
 
Paragloborotalia birnageae (Blow, 1959) 
Plate 2.5, Figs. 4-5, 10 
Globorotalia birnageae Blow, 1959, 210-211, pl. 17, figs. 108a-c; Poore, 1979, p. 470, 
pl. 10, figs. 4-5, 7, 8; Salvatorini and Cita, 1979, pl. 9, figs. 10, 15, 16; Chaisson 
and Leckie, 1994, p. 160, pl. 4, figs. 19-22; Spezzaferri, 1994, p. 58, pl. 26, figs. 




Globorotalia (Fohsella) sp. cf. G. (F.) birnageae Blow. Chaproniere, 1981, p. 125-126, 
figs. 12Fa-c.  
Globorotalia (Fohsella) birnageae (Blow). Kennett and Srinivasan, 1983, p. 94, pl. 21, 
figs. 6-8.  
Fohsella birnageae (Blow). Norris, 1998, p. 466, pl. 1, fig. 5.  
Globorotalia (Turborotalia) mendacis (Blow). 1969, p. 390-391, pl. 38, figs. 5-6.  
Globorotalia (Fohsella) kugleri mendacis (Blow). Chaproniere, 1981, p. 126, figs. 12Ca-
c.  
Turborotalia primitiva Brönniman and Resig, 1971, p. 1287-1288, pl. 26, figs. 5-9.  
Paragloborotalia? laccadivensis (Fleisher). Spezzaferri, 1994, p. 57, pl. 9, figs. 2a-c, pl. 
9, figs. 3a-d.  
Paragloborotalia birnageae (Blow). Leckie, Wade, Pearson, Fraass, King, Olsson, 
Premoli Silva, Spezzaferri, and Berggren, 2018, p. 135, pl. 5.3.  
Remarks. In the northwest Pacific, P. birnageae can begin to look similar to 
Globorotalia lenguaensis. We distinguished P. birnageae based on its rounded periphery, 
somewhat smaller size, and very circular outline.  
Stratigraphic range: 1208A-35X-2, 77-79 to 1208A-34X-3, 77-79 
 
Paragloborotalia continuosa (Blow, 1959) 
Plate 2.5, Figs. 7-9 
Globorotalia opima subsp. continuosa Blow, 1959, p. 218-219, pl. 19, figs. 125a-c.  





Globorotalia continuosa Blow. Kennett, 1973, pl. 14, figs. 3-6; Poore, 1976, p. 471, pl. 9, 
figs. 10-12; Bolli and Saunders, 1982, p. 49-50, pl. 4, figs. 10-27; Hoskins, 1984, 
figs. 2:7-12.  
Neogloboquadrina continuosa (Blow). Kennett and Srinivasan, 1983, p. 192, pl. 47, figs. 
3-5; Chaisson and Leckie, 1993, p. 164, pl. 8, figs. 12-13, pl. 8, figs. 14-15.  
Paragloborotalia continuosa (Blow). Spezzaferri, 1994, p. 54, pl. 20, figs. 7a-c; Fox and 
Wade, 2013, p. 401, figs. 14.1a-c; Galeotti et al., 2002, p. 368, pl. IV, figs. 2-4 
Globorotalia (Turborotalia) aff. mayeri Cushman and Ellisor. Quilty, 1976, p. 646, pl. 
12, figs. 19-20. 
Paragloborotalia nana (Bolli). Chaisson and Leckie, 1993, p. 165, pl. 8, figs. 10-11.  
 Remarks. This species is incredibly rare at Hole 1207A and was not identified at 
Hole 1208A.  
 Stratigraphic Range. 1207A-17H-6, 27-29 to 1207A-17H-2, 127-129 
 
Paragloborotalia mayeri (Cushman and Ellisor, 1939) 
Plate 2.4, Figs. 20-24; Plate 2.5, Figs. 1-3 
Globorotalia mayeri Cushman and Ellisor, 1939, p. 11, pl. 2, figs. 4a-c; Postuma, 1971, 
p. 332, pl. on pg. 333; Berggren and Amdurer, 1973, pl. 28, fig. 14; Kennett, 
1973, pl. 13, figs. 12-16; Poore, 1979, p. 471, pl. 9, figs. 1-2, figs. 3-5; Salvatorini 
and Cita, 1979, pl. 9, figs. 5,0, 12-14; Bolli and Saunders, 1982a, pl. 1, figs. 22-
24, 27-29, 31-35, 37, 39, pl. 2, figs. 7, 11-13, 18-20, 32, 37, 39-42, 46, 47, pl. 3, 
figs. 7, 10, 12, 19-21, 30, 31; Hoskins, 1984, figs. 1-6; Zacharisse and Sudijono, 




Globorotalia mayeri mayeri (Cushman and Ellisor). Hornibrook, 1989, fig. 28 4a-c. 
Globorotalia (Turborotalia) mayeri mayeri (Cushman and Ellisor). Jenkins, 1971, p. 120, 
pl. 11, figs. 297-302.  
Globorotalia (Jenkinsella) mayeri (Cushman and Ellisor). Kennett and Srinivasan, 1983, 
p. 174, pl. 43, figs. 4-6.  
Paragloborotalia mayeri s.l. (Cushman and Ellisor). Chaisson and Leckie, 1993, p. 164-
165, pl. 8 (partim), figs. 18-20.  
Paragloborotalia mayeri (Cushman and Ellisor). Spezzaferri, 1994, p. 55, pl. 21, figs. 3a-
c; Pearson, 1995, p. 51, pl. 1, fig. 7. 
Paragloborotalia semivera Hornibrook/Paragloborotalia mayeri group (Cushman and 
Ellisor). Leckie et al., 1993, p. 125, pl. 7, figs. 5, 10-11, figs. 6-8, 12-14.  
Globorotalia siakensis LeRoy. Postuma, 1971, p. 358, pl. on pg. 359.  
Globorotalia mayeri Cushman and Ellisor. Kennett, 1973, p. 623, pl. 13, figs. 12-16; 
Jenkins and Srinivasan, 1986, p. 832, pl. 3, figs. 5-6, 9-11.  
Paragloborotalia mayeri (Cushman and Ellisor). Scott and Burt, 1990, p. 166-169, fig. 
84; Leckie, Wade, Pearson, Fraass, King, Olsson, Premoli Silva, Spezzaferri, and 
Berggren, 2018, p. 147, pl. 5.6.  
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-17H-2, 27-29; 1208A-35X-
2, 77-79 to 1208A-32X-6, 77-79 
 
Genus Sphaeroidinella Cushman, 1927 





Sphaeroidinella dehiscens (Parker and Jones, 1865) 
Plate 2.6, Figs. 13-14 
Sphaeroidina bulloides d’Orbigny var. dehiscens Parker and Jones, 1865, p. 369, pl. 19, 
fig. 5.  
Sphaeroidinella dehiscens (Parker and Jones). Kennett, 1973, p. 639, pl. 21, figs. 2-6; 
Kennett and Srinivasan, 1983, p. 212, pl. 51, fig. 2; pl. 52, figs. 7-9; Chapter 1, pl. 
4, figs. 1-2.  
Stratigraphic range: 1207A-8H-5, 77-79 to 1207A-1H-3, 26-28; 1208A-17H-4, 
78-80 to 1208A-2H-1, 77-79 
 
Genus Sphaeroidinellopsis Banner and Blow, 1959 
Type species: Globigerina seminulina Schwager, 1866 
 
Sphaeroidinellopsis disjuncta (Finlay, 1940) 
Plate 2.6, Figs. 1-2 
Sphaeroidinella disjuncta Finlay, 1940, p. 467, pl. 67, figs. 224-228; Kennett, 1973, p. 
639, pl. 21, figs. 12-15.  
Sphaeroidinellopsis disjuncta (Finlay). Kennett and Srinivasan, 1983, p. 206, pl. 51, figs. 
3-5; Hornibrook, 1989, fig. 27 10; Fox and Wade, 2013, p. 402, figs. 17.6-17.8, 
19.  
Remarks. We identified Sphaeroidinellopsis disjuncta based on the lack of a thick 
secondary calcite covering that is typical of other sphaeroidinellopsids. This species 




Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-15H-3, 77-79; 1208A-35X-
2, 77-79 to 1208A-30X-2, 81-83 
 
Sphaeroidinellopsis kochi (Caudri, 1934) 
Plate 2.6, Figs. 8-9 
Globigerina kochi Caudri, 1934, p. 144, type figures in Ecolgae Geol. Helvetiae, Bd. 18, 
no. 2, tf. 8a-b.  
Sphaeroidinellopsis kochi (Caudri). Kennett and Srinivasan, 1983, p. 210, pl. 52, figs. 1-
3; Chaisson and Leckie, 1993, p. 166, pl. 10, figs. 10, 14, 18; Chapter 1, pl. 4, 
figs. 9-12. 
Stratigraphic range: 1207A-18H-2, 127-129 to 1207A-10H-5, 27-29; 1208A-
33X-CC to 1208A-20H-2, 77-79 
 
Sphaeroidinellopsis paenedehiscens Blow, 1969 
Plate 2.6, Figs. 6-7, 11-12 
Sphaeroidinellopsis subdehiscens paenedehiscens Blow, 1969, p. 386, pl. 30, figs. 4-5, 9.  
Sphaeroidinellopsis paenedehiscens Blow. Kennett and Srinivasan, 1983, p. 210, pl. 52, 
figs. 4-6; Chapter 1, pl. 4, figs. 3-8.  
Stratigraphic range: 1207A-13H-1, 127-129 to 1207A-10H-1, 27-29; 1208A-
20H-5, 77-79 to 1208A-15H-5, 75-77 
 
Sphaeroidinellopsis seminulina (Schwager, 1866) 




Globigerina seminulina Schwager, 1866, p. 256, pl. 7, fig. 112.  
Sphaeroidinella seminulina (Schwager). Kennett, 1973, p. 639, pl. 21, fig. 7. 
Sphaeroidinellopsis seminulina seminulina (Schwager). Kennett and Srinivasan, 1983, p. 
206, 208, pl. 51, figs. 1, 6-8.  
Sphaeroidinella dehiscens (Parker and Jones) subsp. subdehiscens Blow, 1959, p. 195, pl. 
12, figs. 71a-c; Chapter 1, pl. 4, figs. 13-16.  
Sphaeroidinella subdehiscens Blow. Kennett, 1973, p. 639, pl. 21, figs. 8-10. 
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-8H-2, 77-79; 1208A-34X-6, 
77-79 to 1208A-18H-4, 77-79 
Genus Trilobatus Spezzaferri et al., 2015 
Type species: Globigerina trilobus Reuss, 1850 
 
Trilobatus sacculifer (Brady, 1877) 
Plate 2.6, Fig. 15 
Globigerina sacculifer Brady, 1877, p. 164, pl. 9, figs. 7-10.  
Globigerinoides quadrilobatus sacculifer (Brady). Kennett, 1973, p. 607, pl. 5, figs. 10-
13, p. 609, pl. 6, fig. 1, p. 613, pl. 8, figs. 11-14.  
Globigerinoides sacculifer (Brady). Kennett and Srinivasan, 1983; p. 66, pl. 14, figs. 4-6; 
Chaisson and Leckie, 1993, p. 159, pl. 2, fig. 16.  
Trilobatus sacculifer (Brady). Spezzaferri, Kucera, Pearson, Wade, Rappo, Poole, 
Morard, and Stalder, 2015; Chapter 1, pl. 4, figs. 17-18.  
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-1H-1, 29-31; 1208A-35X-2, 





Trilobatus sicanus (De Stefani, 1950) 
Globigerinoides sicanus De Stefani, 1950, p. 9, fig. 6 (type figure designated as pl. 13, 
fig. 6, of Cushman and Stainforth, 1945); Kennett, 1973, p. 635, pl. 19, fig. 7; 
Kennett and Srinivasan, 1983, p. 62, pl. 13, figs. 4-6.  
Trilobatus sicanus (De Stefani). Spezzaferri, Kucera, Pearson, Wade, Rappo, Poole, 
Morard, and Stalder, 2015.  
Stratigraphic range: 1208A-35X-1, 77-79 
 
Genus Turborotalita Blow and Banner, 1962 
Type species: Truncatulina humilis Brady, 1884 
 
Turborotalita clarkei (Rögl and Bolli, 1973) 
Globigerina clarkei Rögl and Bolli, 1973, p. 587, pl. 4, figs. 13-15. 
Turborotalita quinqueloba (Natland). Hemleben, Spindler, and Anderson, 1988, p. 14, 
Fig. 2.2d-f. 
Remarks. This species is similar in appearance to T. quinqueloba but has a rapid 
rate of chamber expansion and is less lobate that the latter species.  
Stratigraphic Range. 1207A-9H-1, 77-79 to 1207A-1H-1, 80-82 
 
Turborotalita quinqueloba (Natland, 1938) 




Globigerina quinqueloba Natland, 1938, p. 149, pl. 6, figs. 7a-c; Keller, 1978b, p. 343, 
pl. 3, figs. 3-6.  
Globigerina (Globigerina) quinqueloba (Natland). Kennett and Srinivasan, 1983, p. 32, 
pl. 5, figs. 4-6.  
“Globigerina” aff. “G.” quinqueloba Natland. Spezzaferri, 1994, pl. 9, figs. 1a-c.  
Turborotalita quinqueloba (Natland). Pearson and Wade, 2009, p. 209, pl. 7, figs. 1-6. 
Turborotalita cf. quinqueloba (Natland). Székely and Filipescu, 2016, pl. 2, fig. 14.  
?Globanomalina laccadivensis Fleisher, 1974, p. 1017, pl. 5, figs. 7-12.  
Stratigraphic range: 1207A-10H-1, 78-80 to 1207A-1H-1, 80-82; 1208A-20H-3, 77-79 to 1208A-
1H-1, 77-79 
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 
Family GLOBIGERINITIDAE Bermudez, 1961, revised Li, 1987; Pearson and Wade, 
2009 
Genus Globigerinita Brönnimann, 1951 
Type species Globigerinita naparimaensis Brönnimann, 1951 
 
Globigerinita glutinata (Egger, 1893) 
Globigerina glutinata Egger, 1893, p. 371, pl. 13, figs. 19-21; Rhumbler, 1911, p. 148, 
pl. 29, figs. 14-16, pl. 33, fig. 20, pl. 34, fig. 1.  
Globigerinita glutinata (Egger). Parker, 1962, p. 246, pl. 9, figs. 1-16; Keller, 1978b, p. 
343, pl. 3, figs. 7-9; Keller, 1980, p. 827, pl. 1, fig. 8; Kennett and Srinivasan, 




Chaisson and Leckie, 1993, p. 157, pl. 10, fig. 2; Spezzaferri, 1994, p. 62-63, pl. 
27, figs. 6a-c, pl. 28, figs. 1a-c; Pearson, 1995, p. 47, pl. 2, figs. 1-6; Pearson and 
Chaisson, 1997, p. 59-60, pl. 1, fig. 1; Pearson et al., 2001, pl. 4, figs. 5, 6, 9, 10; 
Li et al., 2003a, p. 20, pl. 2, figs. 4-5, pl. 6, fig. 30; Chapter 1, pl. 4, figs. 19-20.  
Globigerinita glutinata glutinata (Egger). Fleisher, 1974, p. 1022, pl. 9, figs. 1-2. 
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-1H-1, 29-31; 1208A-35X-2, 
77-79 to 1208A-1H-1, 77-79 
 
Globigerinita uvula (Ehrenberg, 1861) 
Pylodexia uvula Ehrenberg, 1861, pl. 2, figs. 24-25.  
Globigerinita uvula (Ehrenberg). Parker, 1962, p. 252, pl. 8, figs. 14-26;Quilty, 1976, p. 
642, pl. 8, fig. 18; Keller, 1978b, p. 343, pl. 3, figs. 10-13; Kennett and 
Srinivasan, 1983, p. 224, pl. 56, figs. 6-8; van Eijden and Smit, 1991, p. 111; 
Chaisson and Leckie, 1993, p. 157, pl. 10, figs. 1, 7; Spezzaferri, 1994, p. 62, pl. 
27, figs. 5a-c; Pearson, 1995, p. 47, pl. 1, fig. 21-22. 
Globigerinita juvenilis (Bolli)/Globigerinita uvula (Ehrenberg) transitional form. 
Spezzaferri, 1994, pl. 27, figs. 3a-c, figs. 4a-c.  
Stratigraphic range: 1207A-11H-4, 77-79 to 1207A-3H-CC; 1208A-29X-5, 78-
80 to 1208A-8H-1, 76-77 
 
Genus Tenuitella Fleisher, 1974, emended Li, 1987 





Tenuitella anfracta (Parker, 1967) 
Plate 2.6, Fig. 18 
Globorotalia anfracta Parker, 1967, p. 175, pl. 28, figs. 3-8.  
Globorotalia (Tenuitella) anfracta (Parker). Kennett and Srinivasan, 1983, p. 164, pl. 40, 
figs. 7-9.  
Tenuitella fleisheri (Parker). Qianyu, 1987, p. 309, pl. 4, figs. 1-7.  
Stratigraphic range: 1207A-9H-1, 77-79to 1207A-6H-CC; 1208A-15H-5, 75-77 
to 1208A-3H-2, 77-79 
 
Tenuitella iota (Parker, 1962) 
Plate 2.6, Figs. 19, 23 
Globigerinita iota Parker, 1962, p. 250, pl. 10, figs. 26-30; Chapter 1, pl. 5, figs. 1-2.  
Remarks. Tenuitella iota occurs sporadically throughout the uppermost section at 
Hole 1208A. Lam and Leckie (in prep) found the same to be true for Hole 1209A. This 
species is very similar to and easily confused with G. glutinata. Tenuitella iota differs by 
having 4.5 to 5 chambers in the final whorl, is very low trochospiral, and almost always 
has a bulla that covers the umbilicus.  
Stratigraphic range: 1207A-1H-CC to 1207A-1H-1, 80-82; 1208A-8H-5, 75-77 
to 1208A-1H-1, 77-79 
 
Order FORAMINIFERIDA d’Orbigny, 1826 
Superfamily GLOBIGERINOIDEA Carpenter, Parker, and Jones, 1862 




Genus Fohsella Bandy, 1972 
Type species Globorotalia praefohsi Blow and Banner, 1966 
 
Fohsella lenguaensis Bolli, 1957 
Plate 2.5, Figs. 16-25 
Globorotalia lenguaensis Bolli, 1957, p. 120, p. 29, figs. 5a-c; Cifelli and Scott, 1986, p. 
44, fig. 18a,e; Chaisson and Leckie, 1993, p. 161, pl. 7, figs. 16-20.  
Globorotalia (Globorotalia) lenguaensis (Bolli). Kennett and Srinivasan, 1983, p. 152, 
pl. 36, figs. 5-7.  
Remarks. This species occurs in very few intervals at Hole 1208A, but where it 
does occur, it makes up a substantial component of the assemblage. We differentiated F. 
lenguaensis from P. birnageae by the former species’ more angular periphery, smoother 
surface texture, and and less inflated chambers on the spiral side. However, secondary 
calcification commonly obscures surface textures, making differentiation of F. 
lenguaensis from P. birnageae difficult at times.   
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-12H-4, 78-80; 1208A-33X-
5, 77-79 to 1208A-32X-3, 77-79 
 
Fohsella peripheroronda (Blow and Banner, 1966) 
Plate 2.5, Figs. 6, 11-15 
Globorotalia peripheroronda Blow and Banner, 1966, p. 294, pl. 1, figs. 1a-c; Kennett, 
1973, p. 623, pl. 13, figs. 6-8; Hornibrook, 1989, fig. 28 3a-c; Chaisson and 




Globorotalia (Fohsella) peripheroronda (Blow and Banner). Kennett and Srinivasan, 
1983, p. 96, p. 22, figs. 1-3.  
Fohsella peripheroronda (Blow and Banner). Cifelli and Scott, 1986, p. 14, figs. 8h-j, 8n, 
8o.  
Stratigraphic range: 1207A-18H-4, 78-80; 1208A-35X-2, 77-79 to 1208A-34X-
3, 77-79 
 
Genus Globoconella Bandy, 1975 
Type species Globorotalia conomiozea Kennett, 1966 
 
Globoconella conica (Jenkins, 1960) 
Plate 2.6, Figs. 20-22  
Globorotalia conica Jenkins, 1960, p. 358, pl. 4, figs. 3a-c; Jenkins and Srinivasan, 1986, 
p. 831, pl. 2, figs. 5-7; Scott and Burt, 1990, p. 155-157, fig. 78.  
Remarks: Traditionally this species has been placed within the globorotalids, but 
because of its close relationship to Gc. zealandica and its higher-arched aperture, we feel 
it is a globoconellids. Scott and Burt (1990) thought that conica evolved directly from 
zealandica, and Kennett and Srinivasan considered zealandica a globoconellid 
Stratigraphic range: 1207A-18H-2, 127-129 to 1207A-17H-7, 27-29 
 
Globoconella conomiozea (Kennett, 1966) 




Globorotalia conomiozea Kennett, 1966, p. 235, figs. 10a-c; Kennett, 1973, p. 631, pl. 
17, figs. 4-13; Cifelli and Scott, 1986, p. 33, fig. 13h; Hornibrook, 1989, fig. 29 
1a-c.  
Globorotalia conomiozea conomiozea Kennett. Hornibrook, 1982, p. 91, figs. 4j-o.  
Globorotalia (Globoconella) conomiozea Kennett. Kennett and Srinivasan, 1983, p. 114, 
pl. 26, figs. 7-9. 
Globorotalia c.f. conomiozea Kennett. Jenkins and Srinivasan, 1986, p. 831, pl. 2, fig. 8; 
Hornibrook, 1989, fig. 29 7a-c.  
Globorotalia mons Hornibrook 1982. Cifelli and Scott, 1986, p. 33, fig. 13d-g. 
Globorotalia conoidea Walters, 1965. Vincent, 1975, p. 795, pl. 2, fig. 20.  
Globorotalia miotumida Jenkins. Scott et al., 1990, p. 56, fig. 27D-F; fig. 28A-I. 
Globoconella conomiozea (Kennett). Chapter 1, pl. 5, figs. 3-14. 
Remarks. This species closely resembles Globoconella miotumida. The main 
difference between these species is the strongly vaulted umbilical side and a ventro-
conical angle of less than 90˚ (Chapter 1).  
Stratigraphic range: 1207A-11H-3, 77-79 to 1207A-8H-1, 27-29; 1208A-21X-2, 
77-79 to 1208A-17H-5, 77-79 
 
Globoconella explicationis (Jenkins, 1967) 
Globorotalia miotumida Jenkins explications Jenkins, 1967, p. 1075, fig. 4, nos. 14-19; 
Jenkins, 1971, p. 235, pl. 5, figs. 129-134.  
Globorotalia petaliformis Boltovskoy, p. 707, pl. 14, fig. 1-16.  




Globorotalia conomiozea Kennett. Kennett, 1973, p. 631, pl. 17, fig. 7.  
 Remarks. This species is very similar in morphology to Globoconella 
conomiozea. Globoconella explicationis differs by having more loosely coiled chambers 
in the last whorl that tend to create a petal-like form to the specimens, and is very highly 
vaulted, with the last chambers coming almost to a point. Because this species is so 
closely related to G. miotumida and G. conomiozea, we have included it under the genus 
‘Globoconella’.  
 Stratigraphic Range. 1207A-17H-7, 27-29 to 1207A-12H-4, 128-130 
 
Globoconella inflata (d’Orbigny, 1839) 
Plate 2.10, Figs. 12-25 
Globigerina inflata d’Orbigny, 1839, p. 134, pl. 12, figs. 7-9.  
Globorotalia inflata (d’Orbigny). Kennett, 1973, p. 633, pl. 18, figs. 12-16; Keller, 
1978b, p. 344, pl. 4, figs. 7-9; Keller, 1980, p. 831, pl. 3, figs. 1-3, 5-8, 9-10; 
Hornibrook, 1982, p. 93, figs. 5g-j; Cifelli and Scott, 1986, p. 47, fig. 19a-b; 
Hornibrook, 1989, fig. 29 4a-b.  
Globorotalia (Globoconella) inflata (d’Orbigny). Kennett and Srinivasan, 1983, p. 118, 
pl. 27, figs. 7-9.  
Globorotalia inflata inflata (d’Orbigny). Scott et al., 1990, p. 85-88, fig. 44. 
Globoconella inflata (d’Orbigny). Chapter 1, pl. 6, figs. 20-22, pl. 7, figs. 1-4, 8-9.   
Remarks. At Hole 1208A, the earliest occurrence of G. inflata is atypical in that 




Globoconella arch that characterizes the genus. These forms do have a smoother cortex 
and more rounded periphery compared to G. puncticulata.  
Stratigraphic range: 1207A-7H-5, 127-129 to 1207A-1H-1, 29-31; 1208A-16H-
6, 75-77 to 1208A-1H-1, 77-79 
 
Globoconella miotumida (Jenkins, 1960) 
Plate 2.8, Figs. 1-24 
Globorotalia menardii (d’Orbigny) miotumida Jenkins, 1960, p. 362, pl. 4, fig. 9a-c.  
Globorotalia miotumida Jenkins. Hornibrook, 1989, fig. 28 5e-f; Scott et al., 1990, p. 51-
55, fig. 27, fig. 30G-I.  
Globorotalia miotumida Jenkins. Jenkins and Srinivasan, 1986, p. 832, pl. 3, figs. 12-14, 
pl. 4, figs. 1-3.  
Globorotalia miozea Finlay conoidea Walters, 1965, p. 124, figs. 8i-m; Kennett, 1973, p. 
629, pl. 16, figs. 4-11, p. 631, pl. 17, figs. 1-3.  
Globorotalia conoidea Walters. Keller, 1980, p. 833, pl. 4, fig. 1; Hornibrook, 1982, p. 
91, figs. p-z; Cifelli and Scott, 1986, p. 33, fig. 13i-r.   
Globorotalia (Globoconella) conoidea Walters. Kennett and Srinivasan, 1983, p. 112, pl. 
26, figs. 4-6.  
Globorotalia miotumida conoidea Walters. Hornibrook, 1989, fig. 28 5a-d.  
Globorotalia (Globoconella) conomiozea Kennett subsp. subconomiozea Bandy, 1975, p. 
56, pl. 1, figs. 1-2. 
Globorotalia subconomiozea Bandy. Scott et al., 1990, p. 66-68, fig. 34.  




Globoconella miotumida (Jenkins). Chapter 1, pl. 5, figs. 15-23, pl. 6, figs. 1-5, 10.  
Remarks. This species is very similar in appearance to G. conomiozea, but with 
less vaulted umbilical chambers. See ‘Remarks’ under G. conomiozea for a more 
thorough discussion. 
Stratigraphic range. 1207A-18H-2, 127-129 to 1207A-8H-1, 27-29; 1208A-33X-
3, 77-79 to 1208A-17H-3, 75-77 
 
Globoconella miozea (Finlay, 1939) 
Plate 2.7, Figs. 10, 15-24 
Globorotalia miozea Finlay, 1939, p. 326, pl. 26, figs. 159-161; Hornibrook, 1989, fig. 
27 15a-b; Scott et al., 1990, p. 40-44, fig. 22, 23.   
Globorotalia (Globoconella) miozea (Finlay). Kennett and Srinivasan, 1983, p. 112, pl. 
24, fig. 2, pl. 26, figs. 1-3.  
Globorotalia c.f. miozea Finlay. Chaisson and Leckie, 1993, p. 162, pl. 4, figs. 12, 17-18.  
Remarks: Globoconella miozea is very similar in morphology to that of G. 
praescitula. We differentiate G. miozea based on its pinched, angular margin and highly 
vaulted umbilical side, whereas G. praescitula possesses a more rounded periphery and 
less vaulted umbilical side.  
Stratigraphic range: 1207A-17H-6, 27-29 to 1207A-17H-4, 127-129; 1208A-
34X-2, 77-79 to 1208A-32X-6, 77-79 
 
Globoconella panda (Jenkins, 1960) 




Globorotalia menardii (d’Orbigny) sub sp. panda Jenkins, 1960, p. 364, pl. 4, figs. 10a-c.  
Globorotalia panda (Jenkins). Kennett, 1973, p. 619, pl. 11, figs. 6-9; Cifelli and Scott, 
1986, p. 31, fig. 12a-d; Hornibrook, 1989, fig. 28 8a-b; Scott et al., 1990, p. 70-
72, fig. 36. 
Globorotalia (Globoconella) panda (Jenkins). Kennett and Srinivasan, 1983, p. 110, pl. 
25, figs. 7-9.  
Remarks. Only one specimen of G. panda was recovered from Hole 1208A. This 
species is easily identified based on its very convex spiral side and concave to flat 
umbilical side. In addition, this species possess the classic globoconellid aperture; that is, 
the aperture is a small arch with a lip or small rim.  
Stratigraphic range: 1207A-18H-2, 127-129 to 1207A-18H-1, 79-81; 1208A-
33X-4, 74-76 
 
Globoconella praescitula Blow, 1959 
Plate 2.7, Figs. 10, 15-19  
Globoconella praescitula Blow, 1959, p. 221, pl. 19, gis. 128a-c.  
Globorotalia (Globoconella) praescitula (Blow). Kennett and Srinivasan, 1983, p. 109, 
pl. 25, figs. 4-6.  
Globorotalia praescitula (Blow). Chaisson and Leckie, 1993, p. 172, pl. 4, figs. 7-11; 
Scott et al., 1990, p. 39, fig. 20.  
 Remarks. This species can become similar in appearance to G. miozea, but differs 
in that it is perforate on the spiral side, more biconvex, and possesses a slightly arched 




specimens are heavily encrusted with secondary calcite which can obscure the primary 
surface texture.  
Stratigraphic range: 1208A-33X-CC to 1208A-33X-5, 77-79 
 
Globoconella triangula (Theyer, 1973) 
Plate 2.11, Figs. 1-3 
Globorotalia inflata triangula Theyer, 1973, p. 199, pl. 27, figs. 1-2, 5.  
Globorotalia inflata triangula Theyer. Scott et al., 1990, p. 90-91, fig. 46. 
Globorotalia inflata Theyer primitive var. Keller, 1980, P. 831, pl. 3, figs. 5-8.   
Globoconella triangula (Theyer). Chapter 1, pl. 7, figs. 5-7.  
Remarks. This species is similar in appearance to Globoconella inflata, but differs 
by having a very slow, slit-like aperture and more tightly-coiled test. The spiral side is 
very flat, and the umbilical side is highly vaulted, giving this species an pyramid-like 
shape when viewed from the side.  
Stratigraphic range: 1207A-4H-7, 60-62 to 1207A-4H-5, 27-29; 1208A-9H-1, 
75-77 to 1208A-2H-3, 77-79 
 
Globoconella puncticulata (Deshayes, 1832) 
Plate 2.9, Figs. 16-25; Plate 2.10, Figs. 1-11 
Globigerina puncticulata Deshayes, 1832, p. 170; Banner and Blow, 1960, p. 15, pl. 5, 
figs. 7a-c.  
Globorotalia (Globoconella) puncticulata (Deshayes). Kennett and Srinivasan, 1983, p. 




Globorotalia puncticulata (Deshayes). Kennett, 1973, p. 633, pl. 18, figs. 2-11; Keller, 
1978b, p. 344, pl. 4, figs. 10-12; Hornibrook, 1982, p. 95, figs. 5k-q; Cifelli and 
Scott, 1986, p. 47, fig. 19c-d; Hornibrook, 1989, fig. 29 3a-b; Scott et al., 1990, p. 
81-83, fig. 42, p. 80, fig. 40G-I. 
Globorotalia puncticulata x conomiozea (Deshayes). Kennett and Vella, 1975, p. 795, pl. 
6, figs. 7-9.  
Globorotalia inflata (Deshayes). Kennett and Vella, 1975, p. 793, pl. 5, figs. 11-12; 
Hornibrook, 1982, figs. 5g-j.   
Globorotalia puncticulata puncticuloides (Deshayes). Hornibrook, 1981, p. 274, fig. 7b, 
7h-I, p. 275, fig. 8a-h. 
Globorotalia puncticulata Deshayes padana Dondi and Papetti, 1968, p. 86, 88, pl. 3, 
figs. 1-4.  
Globorotalia miozea Finlay subsp. spheriocomiozea Walters, 1965, p. 125, figs. 8n-q.  
Globorotalia sphericomiozea (Walters, 1965). Cifelli and Scott, 1986, p. 47, fig. 19f. 
Globorotalia miozea sphericomiozea Walters, 1965, p. 126, figs. 8n-p. 
Globorotalia sphericomiozea Walters. Hornibrook, 1982, p. 95, figs. 5r-z; Cifelli and 
Scott, 1986, p. 47, fig. 19e, 19g-h; Hornibrook, 1989, fig. 29 2a-d.   
Globorotalia puncticulata sphericomiozea (Walters). Scott et al., 1990, p. 77-79, fig. 
40A-I. 
Globoconella puncticulata (Deshayes). Chapter 1, pl. 6, figs. 6-8, 11-19.   
Remarks. Globoconella puncticulata is a very distinct species when it first 
appears in the northwest Pacific. Close to the end of its range, its morphology begins to 




umbilical sutures less depressed. When this occurs, we distinguish G. puncticulata based 
on the presence of 4 distinct chambers, a generally smaller size compared to G. inflata, 
and a less open aperture. We have synonymized the subspecies Globorotalia puncticulata 
padana with G. puncticulata as the former species does not differ from our concept of G. 
puncticulata.  
Stratigraphic range: 1207A-11H-2, 77-79 to 1207A-3H-3, 27-29; 1208A-20H-7, 
77-79 to 1208A-8H-3, 75-77 
 
Genus Globorotalia Cushman, 1927 
Type species Pulvinulina menardii var. tumida Brady, 1877 
 
Globorotalia cibaoensis Bermudez, 1949 
Globorotalia cibaoensis Bermudez, 1949, p. 285, pl. 22, figs. 21-23; Kennett, 1973, p. 
619, pl. 11, figs. 13-14; Chaisson and Leckie, 1993, p. 160, pl. 6, figs. 12-14 and 
19; Chapter 1, pl. 7, figs. 10-12, 15-17.  
Globorotalia (Hirsutella) cibaoensis (Bermudez). Kennett and Srinivasan, 1983, p. 136, 
pl. 32, figs. 1-3.  
Stratigraphic range: 1207A-14H-4, 78-80 to 1207A-8H-CC; 1208A-28X-2, 77-
79 to 1208A-14H-6, 75-77 
 
Globorotalia crassaformis (Galloway and Wissler, 1927) 
Plate 2.11, Figs. 4-18 




Globorotalia (Truncorotalia) crassaformis (Galloway and Wissler). Kennett and 
Srinivasan, 1983, p. 146, pl. 34, figs. 6-8.  
Globorotalia crassaformis (Galloway and Wissler). Kennett, 1973, p. 625, pl. 14, figs. 7-
14; Hornibrook, 1982, p. 93, figs. 6d-fw; Cifelli and Scott, 1986, p. 50, fig. 20a-b, 
20d-e, 20i-j; Hornibrook, 1989, fig. 29 10a-c, fig. 30 1a-c; Scott et al., 1990, p. 
118-121, fig. 62; Pearson, 1995, p. 49, pl. 4, fig. 17; Chapter 1, pl. 7, figs. 13-14, 
18-23, pl. 8, figs. 1-5, 10.  
Globorotalia crassaformis oceanica Cushman and Bermudez. Keller, 1978b, p. 344, pl. 
4, figs. 1-3. 
Globorotalia crassaformis ronda Blow. Keller, 1978b, p. 344, pl. 4, figs. 4-6; Cifelli and 
Scott, 1986, p. 50, fig. 20c; p. 56, fig. 23k-l.   
Globorotalia crassaformis crassaformis (Galloway and Wissler) Bolli and Saunders, 
1985, p. 230, figs. 36.6-7. 
Globorotalia aff. crassaformis (Galloway and Wissler). Cifelli and Scott, 1986, p. 50, fig. 
20f-h.  
Remarks: Similar to Lam and Leckie (in prep), we did not attempt to differentiate 
the different subspecies of G. crassaformis at Holes 1208A and 1207A. This species is 
differentiated from G. conomiozea by its very flat spiral side and slit-like aperture.  
Stratigraphic range: 1207A-9H-3, 77-79 to 1207A-1H-1, 127-129; 1208A-19H-
5, 77-79 to 1208A-3H-77-79 
 
Globorotalia crassula Cushman and Stewart, 1930 




Globorotalia crassula Cushman and Stewart, 1930, p. 77, pl. 7, figs. 1a-c; Hornibrook, 
1982, p. 93, figs. 5e-f; Cifelli and Scott, 1986, p. 53, fig. 22a-b, 22f-i; Hornibrook, 
1989, fig. 30 2a-c; Scott et al., 1990, p. 132-135, fig. 68; Chapter 1, pl. 8, figs. 6-
9, 11-12.   
Globorotalia (Truncorotalia) crassula (Cushman and Stewart). Kennett and Srinivasan, 
1983, p. 144, pl. 34, figs. 3-5.  
Globorotalia crassula viola Blow. Cifelli and Scott, 1986, p. 53, fig. 22c-d.  
Remarks. This species is very similar to G. crassaformis but differs by having a 
slightly convex spiral side and less vaulted umbilical chambers. This species looks very 
much like a G. crassaformis that has been flattened.  
Stratigraphic range: 1207A-9H-1, 77-79 to 1207A-1H-1, 80-82; 1208A-18H-2, 
77-79 to 1208A-2H-5, 77-79 
 
Globorotalia hirsuta (d’Orbigny, 1839) 
Plate 2.12, Figs. 1-10 
Rotalina hirsuta d’Orbigny, 1839, p. 131, pl. 1, figs. 34-36; Banner and Blow, 1960, p. 
33, pl. 5, fig. 4.  
Globorotalia (Hirsutella) hirsuta (d’Orbigny). Kennett and Srinivasan, 1983, p. 138, pl. 
32, figs. 7-9.  
Globorotalia hirsuta (d’Orbigny). Keller, 1980, p. 831, pl. 3, fig. 16; Cifelli and Scott, 
1986, p. 31, fig. 12f-g; Hornibrook, 1989, fig. 30 7a-c; Scott et al., 1990, p. 110-




Remarks. Globorotalia hirsuta first appears at Hole 1208A around 0.67 Ma, 
disappears for 0.29 Ma, then reappears in greater abundances. This pattern is similar to 
that found for Site 1209A in the subtropical sector of the northwest Pacific (Chapter 1). 
This species is characterized by its flat to nearly convex umbilical side and very concave 
spiral side. The aperture is a low slit with a lip, and the specimens tend to look 
subquadrate in outline.  
Stratigraphic range: 1207A-3H-2, 127-129 to 1207A-1H-1, 127-129; 1208A-5H-
5, 77-79 to 1208A-2H-1, 77-79 
 
Globorotalia juanai Bermudez and Bolli, 1969 
Globorotalia juanai Bermudez and Bolli, 1969, p. 171-172, pl. 14, figs. 1-6; Keller, 
1980, p. 833, pl. 4, fig. 5; Hornibrook, 1982, p. 93, figs. 6aa-cc; Bolli and 
Saunders, 1985, p. 216, figs. 30.20-21a-c; Cifelli and Scott, 1986, p. 40, fig. 16p-
r;  Hornibrook, 1989, fig. 28 12a-c; Scott et al., 1990, p. 114-116, fig. 60; 
Chaisson and Leckie, 1993, p. 161, pl. 6, figs. 17-18.   
Globorotalia (Hirsutella) juanai Bermudez and Bolli. Kennett and Srinivasan, 1983, p. 
134, pl. 31, figs. 6-8.  
Stratigraphic range: 1207A-14H-1, 127-129 to 1207A-13H-2, 78-80; 1208A-
26X-4, 77-79 to 1208A-25X-4, 79-81 
 
Globorotalia limbata (Fornasini, 1902) 




Rotalina limbata Fornasini, 1902, p. 56, tf. 55; Banner and Blow, 1960, p. 30-31, pl. 5, 
fig. 3. 
Globorotalia (Menardella) limbata (Fornasini). Kennett and Srinivasan, 1983, p. 124, pl. 
29, figs. 4-6. 
Globorotalia limbata (Fornasini). Chaisson and Leckie, 1993, p. 161, pl. 5, fig. 10; 
Chapter 1, pl. 8, figs. 19-20. 
Stratigraphic range: 1207A-12H-CC to 1207A-6H-1, 77-79; 1208A-20H-3, 77-
79 
 
Globorotalia margaritae Bolli and Bermudez, 1965 
Plate 2.14, Figs. 1-15 
Globorotalia margaritae Bolli and Bermudez, 1965, p. 139, pl. 1, figs. 16-18; Bolli and 
Bermudez, 1978, p. 138, pl. 1, figs. 1-9. 
Globorotalia (Hirsutella) margaritae Bolli and Bermudez. Kennett and Srinivasan, 1983, 
p. 136, pl. 32, figs. 4-6.  
Globorotalia margaritae Bolli and Bermudez. Kennett, 1973, p. 619, pl. 11, figs. 10-12; 
Hornibrook, 1982, p. 93, fig. 6dd; Bolli and Saunders, 1985, p. , fig. ; Cifelli and 
Scott, 1986, p. 31, fig. 12h-j; Scott et al., 1990, p. 104-106, fig. 54; Chaisson and 
Leckie, 1993, p. 161, pl. 6, figs. 5-9; Chapter 1, pl. 8, figs. 21-26.  
 Remarks. Globorotalia margaritae is a relatively short-lived species in the 
northwest Pacific that has a discontinuous occurrence at Hole 1208A. It is recognized by 
its very convex spiral side (comparable to G. hirsuta, but not as extreme) and slightly 




can obscure the primary surface texture. The aperture is a small arch with a distinct to 
indistinct lip or rim. Usually, this species has a very large final chamber whose width is 
almost equal to that of the length of the shell. This can give the specimens a ‘mohawk-
like’ appearance.  
Stratigraphic range: 1207A-13H-3, 27-29 to 1207A-9H-3, 127-129; 1208A-25X-
CC to 1208A-19H-2, 77-79 
 
Globorotalia menardii (Parker, Jones, and Brady, 1865) 
Plate 2.12, Figs. 16, 21-24 
Rotalia menardii Parker, Jones, and Brady, 1865, p. 20, pl. 3, fig. 81, p. 260-261, pl. 1, 
figs. 1a-c.  
Globorotalia (Menardella) menardii (Parker, Jones, and Brady). Kennett and Srinivasan, 
1983, p. 124, pl. 28, fig. 2; pl. 29, figs. 1-3.  
Globorotalia menardii (Parker, Jones, and Brady). Kennett, 1973, p. 621, pl. 12, figs. 1-
9; Hornibrook, 1982, p. 93, fig. 7l; Bolli and Saunders, 1985, p. 220, 34.1-10; 
Cifelli and Scott, 1986, p. 37, fig. 14g-j; Hornibrook, 1989, fig. 28 9a-c; Scott et 
al., 1990, p. 74-76, fig. 38; Chapter 1, pl. 9, figs. 1-2. 
 Globorotalia menardii (Parker, Jones, and Brady) s.l. Chaisson and Leckie, 1993, p. 161, 
p. 5, figs. 7-9, 15.  
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-1H-1, 29-31; 1208A-33X-2, 
77-79 to 1208A-1H-1, 77-79 
 




Plate 2.13, Figs. 6-9, 11-12 
Globorotalia merotumida Banner and Blow, 1965, p. 1352, fig. 1; Keller, 1980, p. 833, 
pl. 4, figs. 11-12; Bolli and Saunders, 1985, p. 227, fig. 33.7; Cifelli and Scott, 
1986, p. 44, fig. 18b, f; Chaisson and Leckie, 1993, p. 161, pl. 7, figs. 11-15; 
Chapter 1, pl. 9, figs. 3-5.  
Globorotalia (Globorotalia) merotumida Banner and Blow. Kennett and Srinivasan, 
1983, p. 154, pl. 37, figs. 4-6.  
Globorotalia plesiotumida Blow and Banner, 1965. Cifelli and Scott, 1986, p. 44, fig. 
18c, g.  
Remarks. See ‘Remarks’ under Globorotalia plesiotumida below on how to 
differentiate this species.  
Stratigraphic range: 1207A-16H-CC to 1207A-11H-2, 127-129; 1208A-30X-2, 
81-83 to 1208A-22X-5, 77-79 
 
Globorotalia plesiotumida Blow and Banner, 1965 
Plate 2.13, Figs. 13-15 
Globorotalia plesiotumida, Blow and Banner, 1965, p. 1353, figs. 2a-c; Bolli and 
Saunders, 1985, p. 227, fig. 33.5; Chaisson and Leckie, 1993, p. 162, pl. 7, figs. 1-
2, 6-10; Pearson, 1995, p. 49, pl. 4, fig. 16; Chapter 1, pl. 9, figs. 6-8.  
Globorotalia (Globorotalia) plesiotumida Banner and Blow. Kennett and Srinivasan, 
1983, p. 156, pl. 37, figs. 7-9.  
Remarks. This species can greatly resemble Globorotalia merotumida. They 




whereas G. merotumida’s last chamber is about equivalent in length and width. 
Globorotalia plesiotumida differs from Globorotalia tumida by having a thinner, more 
delicate test and generally smaller size.  
Stratigraphic range: 1207A-15H-4, 77-79 to 1207A-9H-4, 127-129; 1208A-25X-
CC to 1208A-16H-1, 75-77 
 
Globorotalia praemenardii Cushman and Stainforth, 1945 
Plate 2.12, Figs. 11-15, 17-20 
Globorotalia praemenardii Cushman and Stainforth, 1945, p. 70, pl. 13, figs. 14a-c; 
Kennett, 1973, p. 623, pl. 13, figs. 3-5; Kennett and Srinivasan, 1983, p. 122, pl. 
28, figs. 6-8; Cifelli and Scott, 1986, fig. 6a-f, 6i; Scott and Burt, 1990, p. 47-49, 
fig. 25; Chaisson and Leckie, 1993, p. 162, pl. 5, figs. 12-14.  
Remarks. This species is not common at Hole 1208A with sporadic occurrences 
lower in the section. Globorotalia praemenardii is distinguished based on its similarity to 
G. menardii, but with a more densely perforated test, thinner keel with an acute axial 
periphery, and more depressed sutures on the umbilical side. Compared to the G. 
menardii, this species is generally more oval-shaped in outline.  
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-17H-4, 127-129; 1208A-
33X-4, 74-76 to 1208A-33X-2, 77-79 
 
Globorotalia pseudomiocenica Bolli and Bermudez, 1965 




Globorotalia pseudomiocenica Bolli and Bermudez, 1965, p. 140-141, pl. 1, figs. 13-15; 
Chaisson and Leckie, 1993, p. 162-163, pl. 5, figs. 1-4.  
Remarks. Kennett and Srinivasan (1983) considered G. pseudomiocenica a junior 
synonym of G. limbata, but we agree with Chaisson and Leckie (1993) that G. 
pseudomiocenica is distinct enough to be considered a species. This species is similar in 
appearance to G. menardii, but in the northwest Pacific, is slightly smaller than G. 
menardii, is much more circular in outline, and is more vaulted on its umbilical side.  
Stratigraphic range: 1207A-12H-CC to 1207A-12H-4, 78-80; 1208A-23X-3, 77-
79 to 1208A-15H-6, 75-77 
 
Globorotalia scitula (Brady, 1882) 
Plate 2.14, Figs. 16-25 
Pulvinulina scitula Brady, 1882, p. 716, figures in Brady, 1882, pl. 103, figs. 7a-c; 
Banner and Blow, 1960, p. 27, pl. 5, figs. 5.  
Globorotalia (Hirsutella) scitula (Brady) Kennett and Srinivasan, 1983, p. 134, pl. 31, 
figs. 1, 3-5.  
Globorotalia scitula (Brady). Kennett, 1973, p. 619, pl. 11, figs. 15-16; Keller, 1978b, p. 
345, pl. 5, figs. 4-10; Hornibrook, 1982, p. 95, figs. 6x-z; Cifelli and Scott, 1986, 
p. 40, fig. 16f-h, 16k-o; Hornibrook, 1989, fig. 28 11a-c; Scott et al., 1990, p. 100-
102, fig. 52; Chaisson and Leckie, 1993, p. 163, pl. 4, fig. 6, pl. 6, figs. 15-16; 
Chapter 1, pl. 9, figs. 11-14, 16-17.  
Globorotalia bermudezi Rögl and Bolli, 1973, p. 567, pl. 6, figs. 16-20; pl. 16, figs. 1-3; 




Globorotalia (Hirsutella) bermudezi (Rögl and Bolli) Kennett and Srinivasan, 1983, p. 
140, pl. 33, figs. 4-6.  
Remarks. Included in our concept of Globorotalia scitula is Globorotalia 
bermudezi, however we refrain from completely synonymizing the two in this 
contribution. Kennett and Srinivasan (1983) regarded G. bermudezi as a distinct species 
from G. scitula based on its smaller size, more chambers in the final whorl, more inflated 
chambers on the umbilical side, and more irregularly perforated test. Globorotalia 
bermudezi differs from G. scitula by having greater chamber inflation on the umbilical 
side, looser coiling which leads to a deeper umbilicus, and a more pinched margin, 
especially on the last chamber. Specimens of what could be G. bermudezi in the 
northwest Pacific are very gradational with G. scitula. Small specimens with five 
chambers in the final whorl and irregular perforations were recovered (e.g., Plate 2.14, 
figs. 16-18), however, these specimens are medium to low trochospiral, much like G. 
scitula. We suggest further studies on these two species be conducted before a conclusion 
is reached as to whether they should be synonymized or retained as two distinct species.   
Stratigraphic range: 1207A-18H-2, 127-129 to 1207A-1H-1, 29-31; 1208A-32X-
CC to 1208A-1H-1, 77-79 
 
Globorotalia theyeri Fleischer, 1974 
Plate 2.13, Figs. 21-23 
Globorotalia theyeri Fleischer, 1974, p. 1028, pl. 12, fig. 9; pl. 13, figs. 1-5; Chapter 1, 




Globorotalia (Hirsutella) theyeri Fleischer. Kennett and Srinivasan, 1983, p. 140, pl. 33, 
figs. 1-3.  
Globorotalia bouregregensis Barbieri and Ori, 1997, p. 177, pl. 1, figs. 1-15.  
Remarks. Globorotalia theyeri is relatively common in the northwest Pacific. This 
species is recognized based on its very thin, smooth test that becomes translucent when 
wet. This species’ strongly recurved spiral sutures and depressed umbilical sutures give 
the test a distinct lobulate outline when viewed from the spiral or umbilical side, much 
like the petals of a single geranium flower. When the chambers in the last whorl become 
less lobulate (see the paratype of G. theyeri from Fleischer, 1974), this species’ 
morphology can begin to converge with that of Globorotalia scitula. However, G. 
theyeri’s test is much more flattened on the spiral side compared to G. scitula and is 
commonly oval-shaped in outline when viewed from the umbilical or spiral side. We 
have synonymized G. bouregregensis with G. theyeri, as the holotype images of the 
former species is very close in morphology with the latter. Barbieri and Ori (1997) do 
note the surface texture of G. bouregregensis differs in having irregularly distributed 
pustules, which are absent on the holotype of G. theyeri, but do occur on specimens of 
the latter species at Shatsky Rise. Thus we regard G. bouregregensis as a regional 
morphotype of G. theyeri,  
Stratigraphic range: 1207A-12H-5, 27-29 to 1207A-1H-1, 29-31; 1208A-20H-1, 
77-79 to 1208A-1H-1, 77-79 
 
Globorotalia tosaensis Takayanagi and Saito, 1962 




Globorotalia tosaensis Takayanagi and Saito, 1962, p. 81, pl. 28, figs. 11a-12c; Kennett, 
1973, p. 627, pl. 15, figs. 1-4; Keller, 1978b, p. 345, pl. 5, figs. 1-3; Keller, 1980, 
p. 831, pl. 3, fig. 15; Hornibrook, 1982, p. 95, fig. 6ff; Cifelli and Scott, 1986, p. 
56, fig. 23e-j; Hornibrook, 1989, fig. 30 5a-c; Chaisson and Leckie, 1993, p. 163, 
pl. 6, figs. 1-2; Chapter 1, pl. 9, figs. 21-23, pl. 10, figs. 1-4, 7-8.  
Globorotalia (Truncorotalia) tosaensis Takayanagi and Saito. Kennett and Srinivasan, 
1983, p. 148, pl. 35, figs. 1-3.  
Globorotalia tosaensis tosaensis (Takayanagi and Saito) Bolli and Saunders, 1985, p. 
234, fig. 37.8. 
Globorotalia truncatulinoides tosaensis Takayanagi and Saito. Scott et al., 1990, p. 123-
126, fig. 64.  
Remarks. This species has a very discontinuous occurrence at Hole 1208A, and 
makes up a small proportion of the assemblage when present. We identified G. tosaensis 
by having a more rounded outline, five chambers in the final whorl, a flattened apertural 
face, a very vaulted umbilical side, and absence of a keel on all chambers. The spiral side 
is flat to slightly convex. Secondary calcification of the tests commonly obscures the 
primary surface texture and ability to identify sutures on the test. Often, specimens of G. 
tosaensis have a kummerform final chamber.   
Stratigraphic range: 1207A-4H-5, 27-29 to 1207A-1H-CC; 1208A-16H-7, 75-77 
to 1208A-5H-1, 77-79 
 
Globorotalia truncatulinoides (d’Orbigny, 1839) 




Rotalia truncatulinoides d’Orbigny, 1839, p. 132, pl. 2, figs. 25-27.  
Globorotalia truncatulinoides (d’Orbigny). Kennett, 1973, p. 629, pl. 16, figs. 1-3; 
Keller, 1980, p. 831, pl. 3, figs. 13-14; Hornibrook, 1982, p. 95-97, fig. 6ee; 
Cifelli and Scott, 1986, p. 56, fig. 23a-d; Hornibrook, 1989, fig. 30 6a-d; Chaisson 
and Leckie, 1993, p. 163, pl. 6, figs. 3-4; Chapter 1, pl. 10, figs. 5-6, 9-18.  
Globorotalia (Truncorotalia) truncatulinoides (d’Orbigny). Kennett and Srinivasan, 
1983, p. 148, pl. 34, fig. 2; pl. 35, figs. 4-6.  
Globorotalia truncatulinoides truncatulinoides (d’Orbigny). Bolli and Saunders, 1985, p. 
234, fig. 37.4-37.5; Scott et al., 1990, p. 128-130, fig. 66A-C, 66G-I.  
Not Globorotalia truncatulinoides truncatulinoides (d’Orbigny). Scott et al., 1990, fig. 
66D-F.   
Remarks. In all respects, G. truncatulinoides is very similar to G. tosaensis. The 
only difference that separates these two species is the presence of a distinct keel on all 
final chambers of G. truncatulinoides. The degree of umbilical vaulting can vary on 
specimens from the northwest Pacific.  
Stratigraphic range: 1207A-4H-5, 27-29 to 1207A-1H-1, 29-31; 1208A-11H-3, 
75-77 to 1208A-1H-1, 77-79 
 
Globorotalia tumida (Brady, 1877) 
Plate 2.13, Figs. 16-18 
Pulvinulina menardii (d’Orbigny) var. tumida Brady, 1877, p. 535, type fig. in Brady, 




Globorotalia tumida (Brady). Kennett, 1973, p. 621, pl. 12, figs. 12-16; Keller, 1980, p. 
833, pl. 4, figs. 9-10; Hornibrook, 1982, p. 97, fig. 7k; Cifelli and Scott, 1986, p. 
44, fig. 18d, h; Hornibrook, 1989, fig. 29 9a-b; Chaisson and Leckie, 1993, p. 
163, pl. 7, figs. 1-3; Chapter 1, pl. 9, figs. 9-10, 15.  
Globorotalia (Globorotalia) tumida tumida (Brady). Kennett and Srinivasan, 1983, p. 
158, pl. 36, figs. 1, 2; pl. 38, figs. 1-3.  
Remarks. In the Kuroshio Current Extension region, specimens of Globorotalia 
tumida are not as apparently tumid as their tropical counterparts (e.g., see Chaisson and 
Leckie, 1993, their plate 7, figures 3-5). Many specimens begin to morphologically 
converge with Globorotalia menardii.  
Stratigraphic range: 1207A-12H-1, 78-80 to 1207A-1H-2, 77-79; 1208A-23X-2, 
77-79 to 1208A-2H-1, 77-79 
 
Globorotalia ungulata Bermúdez, 1961 
Globorotalia ungulata Bermúdez, 1961, p. 1304, pl. 15, figs. 6a-b 
Globorotalia (Globorotalia) ungulata (Bermúdez). Kennett and Srinivasan, 1983, p. 159, 
pl. 38, figs. 7-9.  
Remarks. This species is very similar to G. tumida but possesses a much thinner 
test that is very finely perforate. In the northwest Pacific, this species is rare.   
Stratigraphic range: 1207A-4H-5, 77-79 to 1207A-2H-4, 80-82; 1208A-6H-3, 
75-77 
 




Type species Globigerina dutertrei d’Orbigny, 1839 
 Remarks. At Holes 1207A and 1208A, neogloboquadrinids vary considerably in 
size from one sample to the next. We suspect this may indicate these species’ responses 
to swings in environmental factors or orbital cyclicity.  
 
Neogloboquadrina acostaensis (Blow, 1959) 
Plate 2.16, Figs. 6-10 
Globorotalia acostaensis Blow, 1959, p. 208, pl. 17, figs. 106a-c; Kennett, 1973, p. 617, 
pl. 10, figs. 10-13.  
Neogloboquadrina acostaensis (Blow). Kennett and Srinivasan, 1983, p. 196, pl. 47, fig. 
1, pl. 48, figs. 1-3; Chaisson and Leckie, 1993, p. 164, pl. 8, fig. 5; Chapter 1, pl. 
11, figs. 1-2.  
Stratigraphic range: 1207A-17H-4, 127-129 to 1207A-3H-1, 81-83; 1208A-27X-
1, 77-79 to 1208A-16H-7, 75-77 
 
Neogloboquadrina atlantica Berggren, 1972 
Plate 2.16, Figs.16-25 
Globigerina atlantica Berggren, 1972, pl. 1, figs. 7-9.  
Neogloboquadrina atlantica (Berggren). Poore and Berggren, 1975; Dowsett and Ishman, 
1995, p. 156, pl. 3, 4-5; Dowsett and Robinson, 2007, p. 122, pl. 3, figs. 7-8; 
Chapter 1, pl. 11, figs. 3-8.  
Gloqoquadrina asanoi Maiya, Saito, and Sato, 1976, p. 414, pl. 3, figs. 1-3; p. 418, pl. 5, 




Stratigraphic range: 1207A-14H-1, 78-80 to 1207A-4H-2, 27-29; 1208A-27X-1, 
77-79 to 1208A-2H-1, 77-79 
 
Neogloboquadrina dutertrei (d’Orbigny, 1839) 
Plate 2.17, Figs. 5-8, 12 
Globigerina dutertrei d’Orbigny, 1839, p. 84, pl. 4, figs. 19-21; Banner and Blow, 1960, 
pl. 2, fig. 1.  
Globorotalia dutertrei (d’Orbigny). Kennett, 1973, p. 617, pl. 10, figs. 5-7.  
Neogloboquadrina dutertrei (d’Orbigny). Parker, 1962, p. 243, pl. 7, figs. 1-13, p. 245, 
pl. 8, figs. 1-4; Keller, 1980, p. 827, pl. 1, figs. 11-12; Kennett and Srinivasan, 
1983, p. 198, pl. 48, figs. 7-9; Chaisson and Leckie, 1993, p. 164, pl. 8, fig. 4; 
Chapter 1, pl. 11, figs. 9-10, 12-15.  
Globoquadrina himiensis Maiya, Saito, and Sato, 1976, p. 417, pl. 4, figs. 1-2; p. 419, pl. 
5, figs. 4-5.  
Stratigraphic range: 1207A-18H-4, 78-80 to 1207A-1H-1, 29-31; 1208A-25X-3, 
77-79 to 1208A-1H-1, 77-79 
 
Neogloboquadrina humerosa (Takayanagi and Saito, 1962) 
Plate 2.16, Figs. 11-15 
Globorotalia humerosa Takayanagi and Saito, 1962, p. 78, pl. 28, figs. 1a-2b; Kennett, 




Neogloboquadrina humerosa (Takayanagi and Saito). Keller, 1978b, pl. 1, figs. 10-12; 
Kennett and Srinivasan, 1983, p. 196, pl. 48, figs. 4-6; Chaisson and Leckie, 
1993, p. 164, pl. 8, figs. 7-8.  
Stratigraphic range: 1207A-14H-1, 78-80 to 1207A-3H-4, 111-113; 1208A-25X-
CC to 1208A-7H-2, 75-77 
 
Neogloboquadrina incompta (Cifelli, 1961) 
Plate 2.15, Figs. 23-25 
Globigerina incompta Cifelli, 1961, p. 84, pl. 4, figs. 1-7.  
Globigerina pachyderma (Cifelli) right coiling. Kennett, 1973, p. 599, pl. 1, figs. 7-11; 
Kennett and Vella, 1975, p. 786, pl. 2, figs. 8-10. 
Neogloboquadrina pachyderma (Cifelli). Keller, 1978a, pl. 1, figs. 1-3, pl. 2, figs. 1-3, 5-
6, pl. 3, figs. 1-9, pl. 4, figs. 1-9; Keller, 1978b, pl. 1, fig. 1, 5-9; Keller, 1980, p. 
827, pl. 1, figs. 13-16, p. 829, pl. 2, figs. 1-5.  
Neogloboquadrina incompta (Cifelli). Chapter 1, pl. 11, figs. 11, 16-17. 
Stratigraphic range: 1207A-17H-6, 127-129 to 1207A-1H-1, 29-31; 1208A-32X-
3, 77-79 to 1208A-1H-1, 77-79 
 
Neogloboquadrina inglei Kucera and Kennett, 2000 
Plate 2.17, Figs. 1-4 
Neogloboquadrina inglei Kucera and Kennett, 2000, p. 78, pl. 1, figs. 1-13; Domitsu and 




Remarks. This species looks exactly like Neogloboquadrina incompta but differs 
by being much larger and possessing a more rounded periphery. All specimens found at 
Hole 1208A were right-coiling.  
Stratigraphic range. 1207A-4H-5, 127-129; 1208A-17H-4, 78-80 
 
Neogloboquadrina pachyderma (Blow, 1959) 
Plate 2.16, Figs. 1-5 
Aristospira pachyderma Blow, 1959, p. 276, 277, 303; Banner and Blow, 1960, p. 4, pl. 
3, figs. 4a-c.  
Neogloboquadrina pachyderma (Blow). Kennett and Vella, 1975, p. 786, pl. 2, figs. 11-
15; Keller, 1978a, pl. 2, fig. 1, 4, 7-9; Keller, 1978b, pl. 1, fig. 1; Kennett and 
Srinivasan, 1983, p. 192, 194, pl. 47, figs. 2, 6-8; Hornibrook, 1989, fig. 28 13a-c; 
Chapter 1, pl. 11, figs. 18-19.  
Globigerina pachyderma (Blow). Kennett, 1973, p. 599, pl. 1, figs. 5-6.  
Stratigraphic range: 1207A-17H-2, 127-129 to 1207A-1H-1, 29-31; 1208A-31X-
CC to 1208A-1H-1, 77-79 
 
Genus Pulleniatina Cushman, 1927 
Type species Pullenia obliquiloculata Parker and Jones, 1865 
 
Pulleniatina obliquiloculata (Parker and Jones, 1865) 




Pullenia sphaeroides (d’Orbigny) var. obliquiloculata Parker and Jones, 1865, p. 368, pl. 
19, figs. 4a-4b.  
Pulleniatina obliquiloculata (Parker and Jones). Kennett, 1973, p. 637, pl. 20, figs. 8-9; 
Keller, 1980, p. 829, pl. 2, figs. 14-16; Kennett and Srinivasan, 1983, p. 202, pl. 
50, figs. 6-9; Chapter 1, pl. 11, figs. 20-22.  
Stratigraphic range: 1207A-7H-4, 19-21 to 1207A-1H-1, 29-31; 1208A-13H-5, 
75-77 to 1208A-1H-1, 77-79 
 
Pulleniatina primalis Banner and Blow, 1967 
Pullentiatina primalis Banner and Blow, 1967, p. 142, pl. 1, figs. 3-8; pl. 3, figs. 2a-c; 
Kennett, 1973, p. 637, pl. 20, figs. 10-12, p. 639, pl. 21, fig. 1; Kennett and 
Srinivasan, 1983, p. 200, pl. 49, figs. 1, 3-5; Chaisson and Leckie, 1993, p. 165, 
pl. 8, fig. 1.  
Stratigraphic range: 1207A-11H-4, 77-79 to 1207A-2H-CC; 1208A-12H-6, 75-






Plate 2.1 1. Candeina nitida, Sample 1207A-6H-CC. 2. Beella digitata, Sample 1208A-
7H-2, 75-77. 3. Beella praedigitata, Sample 1208A-10H-75-77. 4-5. Catapsydrax 
unicavus, Sample 1207A-15H-4, 77-79. 6-7. Catapsydrax unicavus, Sample 1207A-15H-
3, 77-79. 8-10. Dentoglobigerina altispira, Sample 1207A-9H-CC. 11. Dentoglobigerina 
altispira showing juvenile stage, Sample 1207A-8H-4, 77-79. 12-13. Dentoglobigerina 
altispira, Sample 1208A-22X-1, 77-79. 13. Dentoglobigerina c.f. baroemoenensis, 
Sample 1207A-12H-4, 77-79. 14. Dentoglobigerina c.f. baroemoenensis, Sample 1207A-
11H-2, 127-129. 16-18. Dentoglobigerina baroemoenensis, Sample 1208A-33X-4, 74-
76. 19-20. Dentoglobigerina altispira, Sample 1208A-18H-2, 77-79. 21-22. 
Dentoglobigerina venezuelana, Sample 1207A-17H-1, 77-79. 23-24. Dentoglobigerina 





Plate 2.2 1-2. Globigerina bulloides, Sample 1208A-9H-6, 75-77. 3-4. Globigerina 
bulloides, Sample 1208A-6H-2, 75-77. 5, 10. Globigerina falconensis, Sample 1208A-
5H-1, 77-79. 6. Globigerina umbilicata, Sample 1208A-9H-1, 75-77. 7. Globigerina 
foliata, Sample 1207A-11H-2, 127-129. 8. Globigerina foliata, Sample 1208A-18H-4, 
77-79. 9. Globigerina foliata, Sample 1208A-6H-2, 75-77. 11. Globigerinella obesa, 
Sample 1207A-12H-1, 77-79. 12-13. Globigerinella c.f. obesa, Sample 1208A-13H-1, 
75-77. 14. Globigerinella obesa, Sample 1208A-10H-4, 77-79. 15, 20. Globigerinella 
siphonifera, Sample 1208A-10H-4, 77-79. 16. Globigerinoides conglobatus, Sample 
1208A-11H-1, 75-77. 17. Globigerinoides conglobatus, Sample 1208A-9H-6, 75-77. 18. 
Globigerinoides extremus, Sample 1207A-8H-4, 77-79. 19. Globigerinoides extremus, 
Sample 1208A-10H-1, 77-79. 21. Globigerinoides obliquus, Sample 1207A-15H-CC. 22-
23. Globigerinoides ruber, Sample 1208A-10H-1, 77-79. 24-25. Globigerinoides 





Plate 2.3 1. Globoquadrina dehiscens, Sample 1207A-16H-4, 77-79. 2-4. Globoquadrina 
dehiscens last occurrence, Sample 1207A-15H-CC. 5, 10. Globoquadrina dehiscens last 
occurrence, Sample 1207A-15H-CC. 6-7. Globoquadrina conglomerata, Sample 1208A-
18H-5, 77-79. 8-9. Globoquadrina dehiscens last occurrence, Sample 1208A-29X-3, 27-
29. 11. Globorotaloides hexagona, Sample 1207A-12H-CC. 12-13. Globorotaloides 
hexagona, Sample 1208A-4H-5, 77-79. 14-15. Globorotaloides variabilis, Sample 
1207A-16H-1, 77-79. 18-19. Globorotaloides variabilis, Sample 1207A-16H-1, 77-79. 
16-17. Globoturborotalita apertura, Sample 1208A-20H-3, 77-79. 20. 
Globoturborotalita woodi, Sample 1207A-13H-3, 127-129. 21. Globoturborotalita 
woodi, Sample 1207A-4H-1, 130-132. 22. Globoturborotalita woodi, Sample 1208A-





Plate 2.4 1. Globoturborotalita woodi, Sample 13H-1, 75-77. 2. Globoturborotalita 
woodi, Sample 1208A-4H-1, 77-79. 3. Globoturborotalita druryi, Sample 1207A-17H-2, 
27-29. 4-5. Globoturborotalita druryi, Sample 1207A-15H-CC. 6. Globoturborotalita 
druryi, Sample 1207A-13H-4, 77-79. 7. Globoturborotalita druryi, Sample 1208A-29X-
3, 27-29. 8-9. Globoturborotalita druryi, Sample 1208A-26X-5, 27-29. 10. 
Globoturborotalita nepenthes, Sample 1207A-16H-5, 127-129. 12-13. 
Globoturborotalita nepenthes, Sample 1208A-28X-2, 127-129. 14-15. 
Globoturborotalita nepenthes, Sample 1208A-20H-CC. 11. Globoturborotalita 
rubescens, Sample 1208A-4H-4, 77-79. 16. Orbulina suturalis, Sample 1208A-14H-2, 
75-77. 17. Orbulina universa, Sample 1208A-14H-2, 75-77. 18-19. Orbulina universa, 
Sample 1208A-14H-2, 75-77. 20-22. Paragloborotalia mayeri, Sample 1207A-18H-4, 





Plate 2.5 1-3. Paragloborotalia mayeri last occurrence, Sample 1208A-32X-6, 77-79. 4-
5, 10. Paragloborotalia birnageae, Sample 1208A-34X-3, 77-79. 7-9. Paragloborotalia 
continuosa, Sample 1207A-17H-2, 127-129. 6, 11-12. Fohsella peripheroronda, Sample 
1207A-18H-4, 77-79. 13-15. Fohsella peripheroronda, Sample 1208A-35X-2, 77-79. 16-
18. Fohsella lenguaensis, Sample 1207A-17H-7, 27-29. 19-20, 25. Fohsella lenguaensis, 
Sample 1207A-17H-7, 27-29. 21. Fohsella lenguaensis, Sample 1207A-17H-2, 127-129. 





Plate 2.6 1-2. Sphaeroidinellopsis disjuncta, Sample 1207A-17H-2, 127-129. 3-4. 
Sphaeroidinellopsis seminulina, Sample 1207A-11H-CC. 5, 10. Sphaeroidinellopsis 
seminulina, Sample 1208A-22X-2, 77-79. 8-9. Sphaeroidinellopsis kochi, Sample 
1208A-22X-2, 77-79. 6-7. Sphaeroidinellopsis paenedehiscens, Sample 1208A-18H-5, 
77-79. 11-12. Sphaeroidinellopsis paenedehiscens, Sample 1208A-15H-5, 75-77. 13-14. 
Sphaeroidinella dehiscens, Sample 1208A-12H-1, 77-79. 15. Trilobatus sacculifer, 
Sample 1208A-10H-1, 77-79. 16. Turborotalita quinqueloba, Sample 1208A-8H-1, 75-
77. 17. Turborotalita quinqueloba, Sample 1208A-5H-1, 77-79. 18. Tenuitella anfracta, 
Sample 1207A-6H-CC. 19, 23. Tenuitella iota, Sample 1208A-1H-1, 77-79. 20-22. 





Plate 2.7 1-4. Globoconella panda, Sample 1208A-33X-4, 74-76. 5-7. Globoconella 
panda, Sample 1207A-18H-1, 77-79. 8-9, 14. Globoconella panda, Sample 1207A-18H-
1, 77-79. 11-13. Globoconella panda, Sample 1207A-17H-2, 127-129. 10, 15-16. 
Globoconella praescitula, Sample 1208A-33X-CC. 17-19. Globoconella praescitula, 
Sample 1208A-33X-5, 77-79. 20-22. Globoconella miozea, Sample 1208A-33X-CC. 23-






Plate 2.8 1-3. Globoconella miotumida, Sample 1207A-15H-4, 77-79. 4-5, 10. 
Globoconella miotumida, Sample 1207A-10H-6, 27-29. 7-9. Globoconella miotumida, 
Sample 1207A-10H-5, 77-79. 6, 11-12. Globoconella miotumida, Sample 1207A-8H-4, 
127-129. 13-15. Globoconella miotumida, Sample 1208A-26X-6, 55-57. 16-18. 
Globoconella miotumida, Sample 1208A-28X-5, 77-79. 19-20, 24. Globoconella 
miotumida, Sample 1208A-21X-CC. 21-23. Globoconella miotumida, Sample 1208A-





Plate 2.9 1-3. Globoconella conomiozea, Sample 1207A-15H-3, 127-129. 4-5, 10. 
Globoconella conomiozea, Sample 1207A-9H-5, 127-129. 7-9. Globoconella 
conomiozea, Sample 1207A-8H-3, 77-79. 6, 11-12. Globoconella conomiozea, Sample 
19H-CC. 13-15. Globoconella conomiozea, Sample 1208A-18H-CC. 16-18. 
Globoconella puncticulata first occurrence, Sample 1207A-10H-CC. 19-20, 25. 
Globoconella puncticulata, Sample 1207A-9H-3, 27-29. 21. Globoconella puncticulata, 
Sample 1207A-9H-3, 77-79. 22-24. Globoconella puncticulata, Sample 1207A-3H-3, 27-





Plate 2.10 1-3. Globoconella puncticulata, Sample 1208A-20H-1, 77-79. 4-5, 10. 
Globoconella puncticulata, Sample 1208A-17H-4, 77-79. 7-9. Globoconella 
puncticulata, Sample 1208A-10H-1, 77-79. 6, 11. Globoconella puncticulata, Sample 
1208A-8H-3, 75-77. 12-14. Globoconella inflata first occurrence, Sample 1207A-7H-5, 
127-129. 15, 19-20. Globoconella inflata, Sample 1207A-7H-5, 77-79. 16-18. 
Globoconella inflata, Sample 1208A-8H-3, 75-77. 21-23. Globoconella inflata, Sample 





Plate 2.11 1-3. Globoconella triangula, Sample 1207A-4H-5, 127-129. 4-5, 10. 
Globorotalia crassaformis first occurrence, Sample 1207A-9H-3, 77-79. 7-9. 
Globorotalia crassaformis, sample 1207A-8H-3, 77-79. 6, 11-12. Globorotalia 
crassaformis first occurrence, Sample 1208A-19H-5, 77-79. 13-15. Globorotalia 
crassaformis, Sample 1208A-9H-6, 75-77. 16-18. Globorotalia crassaformis, Sample 
1208A-4H-1, 77-79. 19-20, 24. Globorotalia crassula, sample 1207A-8H-5, 77-79.  21-





Plate 2.12 1-3. Globorotalia hirsuta, Sample 1207A-2H-1, 127-129. 4-5, 10. 
Globorotalia hirsuta, Sample 1207A-2H-1, 27-29. 6. Globorotalia hirsuta, Sample 
1208A-3H-4, 77-79. 7-9. Globorotalia hirsuta, Sample 1208A-2H-1, 77-79. 11-13. 
Globorotalia praemenardii, Sample 1207A-17H-7, 27-29. 14-15, 20. Globorotalia 
praemenardii, Sample 1207A-17H-5, 77-79. 17-19. Globorotalia praemenardii, Sample 
1208A-33X-4, 74-76. 16, 21. Globorotalia menardii very atypical form, Sample 1208A-
25X-4, 77-79. 22-24. Globorotalia menardii form beginning to resemble Globorotalia 





Plate 2.13 1-3. Globorotalia limbata, Sample 1207A-7H-1, 55-57. 4-5, 10. Globorotalia 
pseudomiocenica, Sample 1207A-12H-CC. 7-9. Globorotalia merotumida, Sample 
1207A-13H-1, 127-129. 6, 11-12. Globorotalia merotumida, Sample 1208A-25X-CC. 
13-15. Globorotalia plesiotumida, Sample 1208A-25X-4, 77-79. 16-18. Globorotalia 
tumida first occurrence, Sample 1207A-12H-1, 77-79. 19-20, 24. Globorotalia tumida, 





Plate 2.14 1-3. Globorotalia margaritae first occurrence, Sample 1207A-13H-3, 27-29. 
4-5, 10. Globorotalia margaritae first occurrence, Sample 1207A-13H-3, 27-29. 7-9. 
Globorotalia margaritae, Sample 1207A-12H-1, 77-79. 6, 11-12. Globorotalia 
margaritae first occurrence, Sample 1208A-25X-CC. 13-15. Globorotalia margaritae, 
Sample 1208A-22X-1, 77-79. 16-18. Globorotalia scitula, Sample 1207A-8H-CC. 19-20, 
25. Globorotalia scitula, Sample 1208A-26X-5, 27-29. 21. Globorotalia scitula, Sample 





Plate 2.15 1-3. Globorotalia tosaensis first occurrence, Sample 1207A-4H-5, 27-29. 4-5, 
10. Globorotalia tosaensis, Sample 1208A8H-3, 75-77. 6. Globorotalia tosaensis, 
Sample 1208A-5H-1, 77-79. 7-9. Globorotalia tosaensis, Sample 1208A-5H-1, 77-79. 
11-13. Globorotalia truncatulinoides first occurrence, Sample 1207A-4H-5, 27-29. 14-
15, 20. Globorotalia truncatulinoides, first occurrence, Sample 1207A-4H-5, 27-29. 17-
19. Globorotalia truncatulionoides first occurrence, Sample 1208A-11H-3, 75-77. 16, 
21-22. Globorotalia truncatulinoides, Sample 3H-3, 77-79. 23. Neogloboquadrina 






Plate 2.16 1. Neogloboquadrina pachyderma, Sample 1208A-31X-3, 78-80. 2. 
Neogloboquadrina pachyderma, Sample 1208A-20H-4, 77-79. 3. Neogloboquadrina 
pachyderma, Sample 1208A-18H-3, 77-79. 4-5. Neogloboquadrina pachyderma, Sample 
1208A-3H-6, 77-79. 6-7. Neogloboquadrina acostaensis, Sample 1207A-17H-4, 127-
129. 8. Neogloboquadrina acostaensis, Sample 1207A-12H-1, 77-79. 9. 
Neogloboquadrina acostaensis, Sample 1208A-26X-CC. 10. Neogloboquadrina 
acostaensis, Sample 18H-1, 77-79. 11-13. Neogloboquadrina humerosa, Sample 1208A-
25X-4, 77-79. 14-15. Neogloboquadrina humerosa, Sample 1208A-12H-1, 77-79. 16. 
Neogloboquadrina atlantica, Sample 1207A-12H-1, 77-79. 17. Neogloboquadrina 
atlantica, Sample 1207A-7H-1, 77-79. 18-20. Neogloboquadrina atlantica, Sample 
1208A-25X-4, 77-79. 21-22. Neogloboquadrina atlantica, Sample 1208A-16H-3, 75-77. 
23-24. Neogloboquadrina atlantica, Sample 1208A-16H-1, 75-77. 25. Neogloboquadrina 





Plate 2.17 1-2. Neogloboquadrina inglei, Sample 1208A-17H-4, 78-80. 3-4. 
Neogloboquadrina inglei, Sample 1208A-17H-4, 78-80. 5-6. Neogloboquadrina 
dutertrei, Sample 1207A-20H-4, 77-79. 7-8, 12. Neogloboquadrina dutertrei, Sample 

























RECONSTRUCTION OF THE KUROSHIO CURRENT EXTENSION DURING 
THE PLIOCENE TO EARLIEST PLEISTOCENE (5-2.5 MA) REVEALS A 
DYNAMIC CURRENT 
3.1 Abstract 
The Kuroshio Current and the Kuroshio Current Extension (KCE) are the major western 
boundary currents of the North Pacific Subtropical Gyre. Several studies have 
characterized the behavior of the KCE on decadal to millennial timescales, but the 
Pliocene history is unknown. This is the first study to interpret the behavior of the KCE 
during the Pliocene, including the closure of the Central American Seaway, mid-
Piacenzian Warm Period, and onset of Northern Hemisphere Glaciation. We constructed 
stable isotopic data from surface dwelling planktic foraminifera from three sites that 
transect the Kuroshio Current Extension in the interval from 5-2.5 Ma. Seasonal 
preferences of the species affect our records, as the southernmost site appears coolest 
through most of the study interval. This finding highlights the need to consider seasonal 
and ecological preferences of plankton when constructing geochemical records in mid-
latitude regions. The Kuroshio Current Extension shifted north and south during the 
Pliocene in response to the closure of the Central American Seaway, an expanding 
Western Pacific Warm Pool, and increasing strength of the Westerlies. During the mid-
Piacenzian Warm Period, the current greatly warmed (the mP1 event; ~3.25-3.14 Ma), 
and later exhibited a very narrow current axis that was in a stable state (the mP2 event; 
~3.06 Ma). All three KCE δ18O records begin to converge during the onset of Northern 
Hemisphere Glaciation and behave in concert with other Northern Hemisphere high 





Western boundary currents are large systems that flow along the western edge of 
ocean basins, transporting vast amounts of heat and moisture from equatorial regions to 
higher latitudes. The Kuroshio Current and the Kuroshio Current Extension is a large 
western boundary current system part of the North Pacific Subtropical Gyre (Fig. 3.1). 
The Kuroshio Current is sourced from the westward-flowing North Equatorial Current 
and has an estimated volume transport of 23.7-25.0 Sv (1 Sverdrup= 1,000,000 
m3/second; Ichikawa & Beardsley, 1993). The current continues past the Izu Ridge until 
it separates from the Japan coast at approximately 36°N, 141°E and flows east into the 
Pacific Ocean (Imawaki et al., 2013). Here, the Kuroshio Current (KC) becomes the 
Kuroshio Current Extension (KCE). The eastward-flowing KCE is characterized by large-
scale meanders and energetic pinch-off eddies that change in shape and path on decadal 
timescales (Mizuno and White, 1983; Yasuda et al., 1992). Within the southern 
recirculation gyre of the KCE, winter cooling leads to deepening of the mixed layer to 
form subtropical mode water (Hanawa and Talley, 2001). Maximum transport of the 
KCE has been estimated to reach as much as 130 Sv (Wijffels et al., 1998). Importantly, 
the KCE jet alone provides massive amounts of heat and moisture for North Pacific mid-
latitude cyclones. By modifying the path and intensity of storm tracks, changes to the 
dynamic state of the KCE can alter the stability and pressure gradient within the local 
atmospheric layers, as well as the basin-scale wind stress patterns (Frankignoul & 
Sennechael, 2007; Kwon et al., 2010), and thereby altering atmospheric processes and 
affecting precipitation patterns over Japan and the west coast of North America (Latif and 




Most notably, the meeting of subtropical water masses brought north by the 
Kuroshio Current and KCE with subpolar waters brought southward by the Oyashio 
Current creates a relatively sharp temperature gradient between these water masses (Fig. 
3.1), with annual average water temperatures differing by about 8°C from 35˚N to 40˚N 
across the KCE and Oyashio Current (Locarnini et al., 2013). This sharp difference in 
water masses creates an ecotone, or boundary between biogeographic provinces of 
planktic organisms (e.g., planktic foraminifera), fish, and coral species (Bradshaw, 1959; 
Norris, 2000; Eguchi et al., 2003). In fact, the presence of warm waters brought from the 
equatorial regions supports coral reefs, where they occur at the highest latitude anywhere 
in the world (Veron and Michin, 1992; Yamano et al., 2001). The KCE ecosystem 
supports a rich biodiversity of fish with the highest recorded diversity on Earth (Tittensor 
et al., 2010) and is also an important dispersal path and mechanism for certain species of 
marine organisms (e.g., Kuriiwa et al., 2014). Because of the high diversity found in this 
area, the entire KCE region is vastly important to the fishing industry of Japan.  
Understanding how the KCE will behave under different warming scenarios and thus 
affect its behavior (e.g., latitudinal shifts, increases or decreases in volume transport) is 
critical, as western boundary currents are areas of the world ocean that are experiencing 
some of the fastest warming under anthropogenic climate change (Wu et al., 2012). By 
reconstructing the behavior of the KCE during major warming events of the geologic past 
analogous to the magnitude of warming predicted for the coming decades, we can begin 
to better understand how any changes in the current will affect storm tracks, precipitation 




zooplankton, and phytoplankton that are so critical to the livelihood of the Japanese 
people. 
 
Figure 3.1 Annual average sea surface temperature and location map of the sites, holes, 
and major ocean currents discussed in the text. Location of ocean currents is denoted by 
the white lines, with current names and areas discussed in the text abbreviated as follows: 
ITF: Indonesian Throughflow; KC: Kamchatka Current; OC, Oyashio Current; KC, 
Kuroshio Current; KCE, Kuroshio Current Extension; NEC, North Equatorial Current; 
ECC, Equatorial Counter Current; SEC, South Equatorial Current; CC, California 
Current; AC, Alaska Current. Map created using Ocean Data View (Schlitzer, 2018) with 
sea surface temperature data from the World Ocean Atlas (Locarnini et al., 2013). 
 
3.2.1 Past Behavior of the Kuroshio Current Extension 
The Kuroshio Current Extension has waxed and waned on decadal to millennial 
timescales since the Pliocene. Transport capacity, temperature, and latitudinal 
temperature gradients of the KCE has shifted in response to significant paleoclimatic and 
paleoceanographic events. On decadal timescales, the KCE and its recirculation jet 
weakened from 1993 to 1996 accompanied by a southward migration. Since 1997, the 
KCE has strengthen and migrated back northward (Qiu and Chen, 2005). These shorter-




with positive and negative SSH anomalies caused by wind stress curl anomalies during 
different phases of the Pacific decadal oscillation (PDO). Positive PDO values are 
associated with cool sea surface temperatures (SSTs) in the central North Pacific, warm 
SSTs along the northeast Pacific, and cool in the northwest Pacific, with below-average 
sea level pressures over the North Pacific (Mantua and Hare, 2002). Such positive PDO 
values lead to increased SSH anomalies and strengthening of the KCE, causing it to shift 
northward. Alternatively, negative SSH anomalies during negative PDO cause the KCE 
to weaken and shift southward (Qiu and Chen, 2005). Other authors have also shown that 
the KCE region has experienced decadal SST variability in response to atmospheric and 
oceanic processes (e.g., Nakamura et al., 1997; Schneider et al., 2002; Schneider and 
Cornuelle, 2005).  
Several studies have focused on reconstructing the Kuroshio Current south of 
Japan during the Holocene (e.g, Jian et al., 1996; Li et al., 1997; Xu and Oda, 1999; 
Wang et al., 2000; Lin et al., 2006). These studies have demonstrated that the path and 
intensity of the Kuroshio Current shifted in response to warming and cooling periods of 
this time. In addition, the KC shifted south and east during the last glacial maximum 
(Ahagon et al., 1993; Jian et al., 1998; Ujiié and Ujiié, 1999), with a shift back to its pre-
glacial maximum position around 7.5-6.0 kyr (Shieh and Chen, 1995; Jian et al., 1998). 
After this time, the KC path has shifted latitudinally several times (Shieh et al., 1992; Jian 
et al., 1998; Swada and Handa, 1998). Other studies have indicated the mean latitude of 
the KCE has varied over a 1500-year cycle in response to external forcings and 
connections with the high-latitude North Atlantic thermohaline circulation system (Jian et 




During the Pleistocene, the history of the Kuroshio Current and KCE are less 
well-known compared to the Holocene history (Gallagher et al., 2015). Sedimentological 
studies indicate the current underwent large changes in speed and direction during the 
middle Pleistocene associated with climate instability (Ito and Horikawa, 2000). Using 
planktic foraminiferal assemblage transfer functions to approximate SSTs, Chen et al. 
(1992) concluded that the Kuroshio Current may have shifted east in response to current 
deceleration and rising sea levels during Pleistocene interglacial cycles. Other studies 
using faunal and floral proxies (e.g., pollen, ostracods, radiolarians, molluscs) all point to 
a dynamic Kuroshio Current in response to glacial and interglacial periods (e.g., 
Kitamura et al., 1999; Kawahata and Ohshima, 2002; Kawahata and Ohshima, 2004; 
Yamamoto et al., 2004; Kitamura and Kimoto, 2006; Hoiles et al., 2012).  
The Pliocene history of the Kuroshio Current and KCE is even more limited than 
the Pleistocene history. Studies that have investigated the paleobiogeographic province of 
neritic benthic foraminifera indicate the Kuroshio Current likely reached its present 
latitude by the latest Pliocene at ~3.0 Ma (Gallagher et al., 2009, 2015). At this time, 
molluscan data indicate the current underwent an intensification (Tsuchi, 1997), possibly 
related to closure of the Central American Seaway and initiation of Northern Hemisphere 
glacial growth (Maier-Reimer et al., 1990).  
Very few studies have focused specifically on reconstructing the Pliocene history 
of the Kuroshio Current Extension. LaRiviere et al. (2012) characterized the sea surface 
temperatures at ODP Hole 1208A, located directly underneath the modern-day position 
of the KCE on a bathymetric high, through the late Neogene (12-0 Ma) using alkenones. 




relatively stable with few significant temperature fluctuations. However, their dataset is 
relatively low-resolution and may miss high-amplitude short-lived KCE variability in 
response to climate events. Similarly, Venti and Billups (2013) conducted high-resolution 
stable isotopic analyses on the mixed-layer dwelling planktic foraminifera species 
Globigerinoides ruber and found a 1.5°C warming at 2.7 Ma, coinciding with Northern 
Hemisphere ice sheet growth. However, they determined that the surface water 
hydrography within the KCE region was relatively stable during the latest Pliocene.  
To further understand how the KCE came into its modern configuration, and to 
test whether the KCE shifted latitudinally in response to major tectonic and climate 
events of the Pliocene, we reconstruct the KCE using three deep sea sites from Shatsky 
Rise, drilled during Ocean Drilling Program Leg 198 (ODP Holes 1207A, 1208A, and 
1209A; Bralower et al., 2002), which span the present day path of the KCE. We use 
stable isotopic measurements (δ18O and δ13C) from surface-dwelling planktic 
foraminifera at an average resolution of 18 kyr to infer Pliocene to earliest Pleistocene (5-
2.5 Ma) surface water conditions during the time of constriction and closure of the 
Central American Seaway, development of the Western Pacific Warm Pool, mid-
Piacenzian Warm Period, and initiation of Northern Hemisphere Glaciation. We find that 
the KCE was a dynamic current that was very sensitive to tectonic and climate events 
through our study interval, and with growth of Northern Hemisphere Ice, really began to 






Originally, sediments were sampled from all the cores at a ~10 kyr resolution. 
The cores, especially those from the older sections of Hole 1207A and Hole 1208A, 
located in deeper water depths (Table 3.1), were subjected to moderate to severe 
dissolution which affected foraminiferal assemblages and the presence of surface-
dwelling species’ tests (Lam et al., 2016). Thus, the average sampling resolution was 
reduced at each hole: 15 kyr at Hole 1207A; 20 kyr at Hole 1208A; and 19 kyr at Hole 
1209A. 
 
Table 3.1 Hole latitude and longitude, water depth, and the sampling sections and depths 
for which analyses were conducted. 
Hole Latitude  Longitude  Water 
Depth (m) 




1207A 37.90°N 162.76°E 3100.8 5-5, 127-129 cm to 11-6, 127-
129 cm 
40.57 to 99.07  
1208A 36.29°N 158.22°E 3345.7 15-6, 128-130 cm to 22-1, 77-79 
cm 
136.99 to 191.18 
1209A 32.65°N 158.50°E 2387.2 4-7, 27-29 cm to 9-2, 27-29 cm 36.47 to 76.47 
 
10 cm3 sediment samples from ODP Hole 1207A, Hole 1208A, and Hole 1209A 
(Table 3.1) were washed over a 63 μm screen with tap water. Samples from Hole 1208A 
occurring at deeper water depths with higher clay content were soaked in a slightly basic 
solution of tap water and Sparkleen for up to one week to disaggregate the sediments. 
Sediments from holes 1209A and 1207A were rinsed directly over the screen with tap 
water. All samples were dried in an oven at 50˚C overnight and vialed for further 
analysis.  
The surface-dwelling planktic foraminifer species Globigerinoides ruber or 
Globigerinoides obliquus were picked from the >150 μm fraction for isotopic 




of the paucity of these species in the samples, a wider size fraction was chosen for this 
study. Smaller size fractions of planktic foraminifera have been shown to have lighter 
stable isotopic values compared to larger specimens (e.g., Bauch et al., 1997; Bemis et 
al., 1998; Peeters et al., 2002). However, Duplessy et al. (1981) found no statistical 
difference in the δ18O values of Globigerinoides ruber shells smaller than 250 μm and 
larger shells.   
We preferentially selected tests with good preservation and avoided specimens 
that were infilled (Fig. 3.2). We did not use specimens that had visible inorganic calcite 
overgrowth or dissolution (Pearson, 2012). Because specimens belonging to the genus 
Globigerinoides were at times very rare at the sites, we did not sonicate specimens to 
remove nannoplankton tests. An initial sonication test was performed, and specimens 
were obliterated. Globigerinoides ruber/Gs. obliquus specimens contained few 
nannoplankton tests on their shells (Fig. 2A, 2B), but some specimens did contain 
infilling of the tests with nannoplankton (Fig. 2C, 2D). High-resolution SEM images 
indicate that specimens picked were not subjected to dissolution and secondary calcite 





Figure 3.2 Scanning electron microscope (SEM) images of Globigerinoides ruber from 
Hole 1209A (sample 1209A-6-4, 77-79 cm) showing preservation state. A) A whole 
specimen showing surface texture; B) close-up view of surface texture showing few 
calcareous nannofossil tests; C) whole broken specimen; D) close-up view of interior of 
specimen showing infilling by calcareous nannofossils; and E) cross section of specimen 
indicating no secondary overgrowths or recalcification.   
 
Because the main goal of this study was to reconstruct the relative upper-ocean 
conditions (sea surface temperature and productivity), we assume that calcareous 
nannplankton tests do not skew the δ18O surface-ocean signal. Modern nannoplankton, or 
coccolithophores, are found to live in the upper 100-150 meters of the open ocean but are 
most abundant in the upper 50 meters. As they are photosynthesizers that rely on 
sunlight, their numbers decrease rapidly below this depth (Winter and Seisser, 1994; Haq, 
1998). Specifically, in the Kuroshio Current and KCE region of the North Pacific, 
coccolithophores occur mainly within the upper 50 to 75 meters of the water column 
(Honjo and Okada, 1974). As Globigerinoides ruber calcify in the upper 50 meters of the 
ocean in the North Pacific (Kuroyanagi and Kawahata, 2004), we see no reason for 
concern for δ18O reconstructions, as coccolithophores and Gs. ruber calcify at similar 




foraminifera and calcareous nannoplankton indicate very minimal (0.5-1‰ heavier in 
nannoplankton) offsets between the two fossil groups (Margolis et al., 1975; Goodney et 
al., 1980). From these same studies, it was determined that there may be a significant 
offset between shallow mixed-layer dwelling planktic foraminifera and calcareous 
nannoplankton with respect to their δ13C values, as the rate of primary productivity at 
different water depths and water masses influences the carbonate values of 
nannoplankton (Goodney et al., 1980). Thus, the δ13C values presented herein are likely 
influenced in part by nannoplankton fractionation of carbon, and therefore should be 
interpreted with this in mind. Because of the potential nannofossil contamination of the 
δ13C signal, we mainly rely on the δ18O record to infer the history of the Kuroshio 
Current Extension.  
We analyzed 401 samples in total (172 samples from Hole 1207A, 95 samples 
from Hole 1208A, and 134 from Hole 1209A). Measurements were made on a Kiel III 
carbonate device linked to a Delta Plus isotope mass spectrometer at University of 
Missouri-Columbia. Analytical precision was <0.06‰ for δ18O and <0.03‰ for δ13C (1 
standard deviation) based on tracking of uncorrected results for NBS-19 grains. Isotopic 
results are reported against Vienna Peedee Belemnite (VPDB) using the standard δ 
notation expressed in per mille (‰). 
 
3.3.1 Age Models 
Age models for the three Shatsky Rise locations (ODP Holes 1207A, 1208A, and 
1209A) were constructed from magnetic reversal boundaries (Evans, 2006) and updated 




1208A stable isotopic record of Venti and Billups (2013) and alkenone sea surface record 
of LaRiviere et al. (2012) were also updated to the GTS 2012 ages using magnetic 
reversal boundaries from Evans (2006). The δ18O record of Venti and Billups (2013) was 
combined with our new data in this study. ODP Hole 999A and Hole 851B were not 
updated to GTS 2012 ages, as their age models are based on astronomically dated ages of 
Shackleton et al. (1995). Although these ages have been slightly modified and retuned 
since, it is not large enough to change the interpretations of the study when compared to 
our new records.   
To interpret the Pliocene behavior of the Kuroshio Current Extension, we 
compared our records to other geochemical records of the Pacific Ocean, and thus 
updated the age models, when possible, to the GTS 2012 ages (Hilgen et al., 2012). The 
age models based upon calcareous nannofossil datums for Site 806 (Takayama, 1993) in 
the western Equatorial Pacific and Site 292 in the western equatorial Pacific (Sato et al., 
2008) were updated to reflect the GTS 2012 (Hilgen et al., 2012) ages of calcareous 
nannofossil datums in Sutherland et al. (2012).  
 
3.3.2 Modeling Modern δ18O Values 
Currently, no data exist to our knowledge about the modern-day δ18O values from 
Gs. ruber specimens across the Kuroshio Current Extension. This information is vital in 
order to compare Pliocene and modern sea surface temperature gradient changes from the 
mid-latitude region of the northwest Pacific. Thus, we use the foraminiferal isotope 
model ‘FIRM’ (Fraass and Lowery, 2017) to model the modern δ18O values of Gs. ruber 




et al. (2014) to estimate δ18Osw from salinity from the World Ocean Atlas 1998, and as 
such can construct seasonal profiles (NODC_WOA98 data provided by the 
NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their web site at 
https://www.esrl.noaa.gov/psd/). FIRM was run with a depth range of 0-50 m (‘normal’ 
distribution), the number of individuals set to four, and the ‘kim&oneil’ equation (Kim 
and O’Neil 1997; reformulated by Bemis et al., 1998) to convert δ18O values to sea 
surface temperature, with 1,000 repetitions. We set variable mass to ‘20’ to indicate the 
mass of each specimen could vary up to 20%, as individuals could not be picked from a 
finite size fraction in this study.  Diagenesis (0%), miss-identification (0%), and 
estimated vital effect parameters (0.3℃) were kept at the model standard (see Fraass and 
Lowery, 2017 for further discussion). For Holes 1207A and 1208A, the seasonality was 
set 50/50 split between summer and fall; for Hole 1209A, Gs. ruber was assumed to not 
have any seasonal growth difference, so 25% was predicted from each season. This 
reflects the seasons in which Globigerinoides ruber fluxes are highest in the northwest 
Pacific Ocean in the Kuroshio Current region (Eguchi et al., 2003; see ‘Results’ section 
below). 
3.4 Results 
3.4.1 Within-sample Variability 
Replicates of samples using the same species (15% replicates from 1207A, 14% 
replicates from 1208A, 9% replicates from 1209A) reveal that intraspecies 
reproducibility and variability range from 0.82-0.0‰ for δ13C and 0.81-0.0‰ for δ18O at 




0.08‰ for δ13C and 0.58-0.01‰ for δ18O at Hole 1209A. Replicate samples between Gs. 
ruber and Gs. obliquus specimens from the same samples (3% of samples from 1207A, 
11% of samples from 1208A, 10% samples from 1209A) indicate that interspecies 
variability range from 0.72-0.01‰ for δ13C and 0.72-0.02‰ for δ18O at Hole 1207A; 
0.84-0.0‰ for δ13C and 1.04-0.03‰ for δ18O at Hole 1208A; and 0.56-0.06‰ for δ13C 
and 1.0-0.02‰ for δ18O at Hole 1209A. The interspecies variability is similar to the 
replicate samples using intraspecies measurements, so we therefore applied no species 
corrections. Replicate sample measurements (intra- and interspecies) were averaged and 
used in the subsequent analysis.  
Because variability was larger in this study than that reported in other stable 
isotopic records (e.g., Drury et al., 2018) and the presence of calcareous nannofossils on 
foraminiferal shells could influence the measurements, we did not attempt to interpret 
small-scale shifts in the data, but rather we focus on the temporally longer and larger-






Figure 3.3 Cross plots of δ18O versus δ13C values for all samples and species analyzed at 
the three Shatsky Rise sites (1207A, 37.90°N, 162.76°E; 1208A, 36.29°N, 158.22°E; 
1209A, 32.65°N, 158.50°E). There are low R2 values for both species at all sites, 
indicating a weak relationship between δ18O and δ13C. Notice Hole 1208A values tend to 
be lighter with respect to δ13C, and values from Hole 1209A are generally more enriched 
in δ18O values compared to the other two holes. The overlap in Gs. ruber and Gs. 
obliquus values indicate that these two species shared the same depth habitat and thus are 
further evidence that they can be used to construct stable isotopic records without species 
corrections. 
 
3.4.2 Stable Isotopic Analyses 
The relationship between δ18O and δ13C is weak for both inter- and intraspecies 
(Fig. 3.3). This may be a common feature among stable isotopic values of surface-
dwelling planktic foraminifera in regions characterized by upwelling. Sautter and Thunell 
(1991) found that there was no correlation between δ18O and δ13C values obtained from 
Orbulina universa, a planktic foraminifera species with a dwelling depth deeper in the 
mixed layer than Gs. ruber.  Regardless, some trends are evident from Figure 3. Values 
for Hole 1207A tend to cluster around slightly more negative δ18O values, with a wide 
spread of δ13C values. Hole 1208A values exhibit the highest R2 values for both G. ruber 
and G. obliquus, with a wide spread in δ18O values with δ13C values that are more 




Hole 1207A, with δ18O values trending towards more positive values, but with a wide 
spread of δ13C values.  
3.4.2.1 Hole 1207A 
The Hole 1207A Gs. ruber/Gs. obliquus δ18O data fluctuate between -0.25 and -
1.5‰ from 5 to ~4.2 Ma (Fig. 3.4). After ~4.2 Ma, larger amplitude changes are evident, 
with values ranging from ~0.25 to -1.4‰. At ~3.8 Ma, values are more stable from -0.5 
to -1.2‰. A large overall decrease in the δ18O ratio occurs at ~3.51 Ma, with values 
reaching a minimum of 0.88‰ at 3.38 Ma. From this point to ~3.1 Ma, there is a small 
general overall decrease in the δ18O ratios, with several quick (~5-19 kyr) fluctuations of 
about 0.5‰. From this point to 2.5 Ma, values remain between 0.5 and -1.0‰.   
 The Hole 1207A Gs. ruber/Gs. obliquus δ13C data are also highly variable (Fig. 
3.4). From 5 to ~4.6 Ma, values are constrained between 0.5-1.5‰. After 4.53 Ma, values 
slightly increase and are between 1.0 and ~1.8‰. Around 3.93 Ma, the δ13C values begin 
to fluctuate rapidly between ~0.5 and ~1.8‰. From 3.5 to ~3.4 Ma, the values decrease 
slightly, then begin to increase until about 3.03 Ma. From here to 2.5 Ma, values 





Figure 3.4 Core images for each hole plotted against the δ18O and δ13C data for each. 
Results from the modeling study of modern-day δ18O values at each of the sites (FIRM 
analysis; Fraass and Lowery, 2017) are noted by the gray bars (95% confidence interval) 
and dashed horizontal line (mean value). Solid gray lines at 0‰ on the δ18O data are for 
reference only. High-resolution δ18O measurements (2-2.98 Ma) at Hole 1208A are from 





3.4.2.2 Hole 1208A 
In general, stable isotopic values from Hole 1208A exhibit higher-amplitude 
changes compared to Hole 1207A (Fig. 3.4). There are limited data available from 5-4.5 
Ma due to dissolution, but Gs. ruber/Gs. obliquus δ18O values are between -0.5 and -
1.5‰. After 4.5, large-amplitude shifts in values begin to occur. From ~4.5 to ~3.8 Ma, 
values range from ~-2.05 to 0.35‰, with very fast (24-3 kyr) fluctuations of 1 to 1.6‰. 
From ~3.8 to 3.5 Ma, there is a general decrease in the δ18O ratio from ~-1.5 to ~0.0‰. 
Values exhibit a huge range from ~3.5 to ~3.11 Ma, between ~-2.0 to ~1.0‰. After ~3.11 
Ma, δ18O values become more stable, staying between ~-1.5 and 0.5‰.  
 Much like the δ18O values, the δ13C values also exhibit large and fast fluctuations, 
although on a smaller scale with respect to the values themselves (Fig. 3.4). From 5-4.5 
Ma, values seem to remain stable around 1.0‰. From 4.5 to ~4.3 Ma, large-amplitude 
changes occur with the large changes in δ18O values. Values within this interval range 
from 2.19 to 0.43‰. After ~4.3 Ma, values exhibit very fast changes but of smaller 
amplitudes than those in the 4.5 to 4.3 Ma interval. From ~4.3 to ~3.83 Ma, δ13C values 
fluctuate between 0.5 and 1.5‰. After ~3.83, values increase to a maximum of ~1.7‰ 
before slowly becoming more negative. The δ13C values decrease to a low of ~0.3‰ 
around 3.33 to 3.43 Ma. After 3.43 Ma, the values increase to ~1.8‰ before decreasing 
again. 
3.4.2.3 Hole 1209A 
Both δ18O and δ13C values exhibit lower-amplitude changes than those compared 
to Holes 1207A and 1209A (Fig. 3.4). From 5 to ~4.4 Ma, δ18O values exhibit few 




after ~4.4 Ma, reaching a positive value of ~0.8‰. δ18O values remain more stable from 
~4.1 to 3.7 Ma, oscillating around 0.0‰. At 3.68 Ma, δ18O values suddenly become 
much more negative, reaching a minimum of -1.15‰. Values continue to quickly and 
drastically fluctuate from 3.68 to ~3.3 Ma, with values ranging from -1.15 to 0.6‰. From 
~3.3 to ~3.2 Ma, values stay around 0.0‰ before again becoming negative at 3.1 Ma. 
From here to 2.5 Ma, there are other rapid decreases in δ18O values.  
 Largely, the δ13C signal from Hole 1209A samples mirrors that of the δ18O record 
in terms of the amplitude and pace of changes (Fig. 3.4). Most notably, the large decrease 
in δ18O values between 3.68 and ~3.3 Ma do not translate to large changes in the δ13C 
record. Generally, the δ13C values average around ~0.9‰.  
 What is most notable about the Hole 1209A isotopic record is that it closely 
matches that of Hole 1207A, in terms of clustering of δ18O values around more negative 
values (Figs. 3, 4). Hole 1209A is the warmest-water site, located in the subtropical 
section of the northwest Pacific Ocean (Fig. 3.1). These anomalously negative values 
from the warmer-water site can be explained by the seasonality of Gs. ruber and Gs. 
obliquus.  
 
3.4.3 Modeling of Modern δ18O Values 
To further understand how the surface temperatures of the northwest Pacific have 
evolved through the Pliocene, we modeled the δ18O values of surface-dwelling planktic 
foraminifera at each of the holes. Modeling of modern δ18O values at Hole 1207A 
indicate a median value of -0.92‰, at Hole 1208A of -1.18‰, and at Hole 1209A an 




wider spread. This result further indicates the complexity of seasonality and range of 
possible values obtained from surface-dwelling foraminiferal calcite from any one point 
in time (Ganssen et al., 2011).  
 
3.4.4 Seasonality in the Northwest Pacific  
Unlike sites located in lower-latitudes, mid-latitude sites are characterized by 
more drastic changes in plankton populations due to seasonality (Deuser et al., 1981; 
Dale et al., 1999; Mackas et al., 2012). Within mid-latitude planktic foraminiferal 
communities, species occur at different times of the year that are strongly linked with 
seasonal ocean temperature variability (Deuser and Ross, 1989; Chapman, 2010). The 
season, and thus upper ocean temperature, can therefore significantly affect the δ18O 
signal obtained from a planktic foraminifera’s shell that grew during a particular time of 
year (Sautter and Thunell, 1991). At Hole 1209A, the δ18O record is much cooler than 
that of Holes 1207A and 1208A based on more positive δ18O values (Figs. 3, 4). This is 
likely due to the effect of seasonality. In the subtropics of the northwest Pacific today, 
Gs. ruber is present in relatively high numbers year round as recorded from sediment trap 
studies (Eguchi et al., 2003). Within the main path of the Kuroshio Current Extension and 
just north of it, near the location of Holes 1207A and 1208A, Gs. ruber occurs in greatest 
abundances during late summer to fall (Kuroyanagi et al., 2002; Eguchi et al., 2003; 
Mohiuddin et al., 2004).  
The average annual sea surface (0-50 m water depth) temperature at Hole 1209A 
is 20.73°C. The late summer to fall (July to October) sea surface (0-50 m water depth) 




2013). The annual average sea surface temperatures at Hole 1209A are cooler than the 
late summer-fall sea surface temperatures at Hole 1208A, and only slightly warmer than 
the late summer-fall sea surface temperatures at Hole 1207A. Thus, the difference in 
average sea surface temperatures when Gs. ruber abundances are highest at each 
respective site is the likely reason why the warmest-water location (Hole 1209A) appears 
cooler than the cooler-water locations (Holes 1208A and 1207A; Fig. 4).  
Interestingly, this pattern of seasonality and cooler water temperatures at Hole 
1209A holds true for the duration of the study interval, indicating that seasonality very 
likely affected the geochemical signals in planktic foraminiferal calcite throughout the 
Pliocene. These results indicate that seasonality should be accounted for when 
constructing geochemical records from foraminiferal tests and when comparing 
geochemical records from different regions as far back as 5 Ma. 
3.5 Discussion 
3.5.1 Sea Surface Conditions in the Northwest Pacific 
The stable isotopic records constructed for this study are, undoubtedly, complex 
and reveal a complicated story about the evolution of the Kuroshio Current Extension 
during the time of major tectonic, climate, and oceanographic events. Regardless, they 
add to the dearth of information currently available for the Pliocene behavior of western 
boundary currents and northwest Pacific surface ocean conditions.  
 To date, there are limited geochemical records from the Kuroshio Current 
Extension region that span the Pliocene. LaRiviere et al. (2012) estimated sea surface 




of the KCE region from 5-2.5 Ma. Large fluctuations in sea surface temperatures (SST) 
are recorded throughout the Pliocene, with no long-term change in overall SST (Fig. 3.5). 
The LaRiviere et al. (2012) record, however, does seem to contradict our stable isotopic 
data in some intervals (Fig. 3.5). For example, at ~2.8 Ma, the Hole 1208A δ18O record 
indicates a cooling period, whereas the alkenone-based SST record reflects a warming of 
at least 2°C (Fig. 3.5). The δ18O record may also be reflecting changes in sea surface 
salinity and/or ice volume.  
 
Figure 3.5 Alkenone-derived sea surface temperature (SST) data (LaRiviere et al., 2012) 
and surface-dwelling planktic foraminiferal δ18O data (with 2-point averaging) from Hole 
1208A. In general, the two datasets indicate rapid temperature changes in the KCE during 
the Pliocene. Horizontal gray bars indicate a few intervals where the two records record 
opposite temperature trends and are in disagreement. 
 
Differences between these records may also reflect seasonality, as Emiliania 
huxleyi (de Leeuw et al., 1979) and Gephyrocapsa oceanica (Conte et al., 1994; Volkman 
et al., 1995), two species of nannoplankton that produce long-chain alkenones, have been 
found to have a seasonal bias in high- to mid-latitude regions and can occur at deeper 
water depths (e.g., Okada and McIntyre, 1979; Holligan et al., 2010). In the North 
Pacific, both E. huxleyi and G. oceanica have been recorded throughout the year but with 




al., 2007), whereas Globigerinoides ruber has peak abundances during the late summer 
and early fall in the KCE region (Eguchi et al., 2003). Thus, differences in the two 
records from Hole 1208A may be an artifact of the species’ seasonal preferences. 
Regardless, the two records point to complex and rapidly changing surface ocean 
conditions throughout the study interval. Further analyses at the northwest Pacific sites 
should be undertaken to discern the discrepancies among stable isotopic and alkenone-
based records. 
 
3.5.2 KCE Response to Climate and Tectonic Events 
Our record is the first to look at how the closure of the Central American Seaway 
(CAS), development of the Western Pacific Warm Pool, mid-Piacenzian Warm Period 
(mPWP), and cooling of the Northern Hemisphere and glaciation (NHG) affected the 
Kuroshio Current Extension. Below we summarize how the KCE behaved during each of 
these events as interpreted mainly from our δ18O data. Here, we find that these tectonic 
and climate events had a profound effect on the behavior and development of the 
Kuroshio Current Extension.  
 
3.5.2.1 Response of the KCE to Closure of the Central American Seaway and 
Western Pacific Warm Pool Development 
The Central American Seaway (CAS) was an oceanic passage between North and 
South America that allowed surface and deep-water exchange between the Atlantic and 
Pacific Oceans. The shoaling of the seaway during the Miocene into the Pliocene was 




2007; Molnar, 2008; Montes et al., 2015), with increasingly restricted circulation of water 
masses, salt, and heat exchange between the two ocean basins during the early to mid-
Pliocene (Sentman et al., 2018). Paleoceanographic data from either side of the Isthmus 
of Panama indicate the Central American Seaway reached a critical threshold between 
4.8-4 Ma (Haug and Tiedemann, 1998; Steph et al., 2006; Steph et al., 2010). Complete 
closure of the CAS likely occurred between 3.8-2.5 Ma (Keigwin, 1982; Kameo and 
Sato, 2000; Haug et al., 2001; Chaisson, 2003; Zhang et al., 2012; Osborne et al., 2014), 
when surface water exchange between the Pacific and Atlantic was completely shut off. 
These data are corroborated by marked changes in planktic foraminiferal assemblages 
(Keller et al., 1989; Chaisson and Ravelo, 2000) on either side of the Isthmus of Panama 
at this time.  
In concert with the closure of the CAS, the Western Pacific Warm Pool (WPWP) 
expanded in size to the north (Sato et al., 2008). The WPWP is maintained by easterly 
trade winds that pile up warm waters in the tropical-subtropical western equatorial Pacific 
and eastern Indian oceans, with annual average SST of 28°C (Yan et al., 1992; Webster 
and Palmer, 1997). Today, it is characterized by a very thick mixed layer which causes 
the thermocline in the western Pacific to deepen to more than 200 m (Locarini et al., 
2013). The development of the WPWP through the late Neogene has been hypothesized 
to be related to the closure of the Indonesian Throughflow (ITF) and the CAS (Fig. 3.1), 
as shown through geochemical and planktic foraminiferal assemblage data (Keller, 1985; 
Srinivasan and Sinha, 1998; Chaisson, 1995; Chaisson and Ravelo, 2000; Wara et al., 
2005; Jian et al., 2006; Li et al., 2006; Sato et al., 2008; Nathan and Leckie, 2009). Its 




et al., 2005), and its effect on the KCE was no less. Importantly, the formation of the 
WPWP, constriction of the Indonesian Throughflow, and CAS closure likely led to the 
establishment and warming of the Kuroshio Current and KCE through the Miocene and 
Pliocene (Keller, 1985; Kennett et al., 1985).  
The gradual closure of the CAS and expansion of the WPWP had a profound 
effect on the KCE, based on stable isotopic records indicating large fluctuations in sea 
surface conditions (temperate and/or salinity). From 5 to 4.45 Ma the isotopic records in 
the KCE region are relatively stable, exhibiting smaller δ18O shifts, although this is likely 
more an artifact of lower-resolution sampling within the records. Around 4.45 Ma, the 
δ18O records begin to exhibit large swings >0.5‰ at Hole 1208A, with smaller amplitude 
shifts at Holes 1207A and 1209A (Fig. 6B). The δ18O data from Site 806 in the WPWP 
indicate warming in the region beginning around 4.45 Ma (Wara et al., 2005; Fig. 6D). 
Sea surface temperature warming at all three Shatsky Rise sites 4.45-~4.2 Ma suggest 
that the KCE was displaced northward in response to warm water development in the 
WPWP region. These data suggest northward expansion of the North Pacific subtropical 
gyre due to increasing constriction of the CAS and warming of the WPWP.  
The separation in the surface δ18O records from Holes 851B and 999A in the 
eastern equatorial Pacific and Caribbean, respectively (Fig. 3.1, Fig. 3.6) at ~4.2 Ma may 
indicate shoaling of the Panamanian sill which created surface-salinity gradients between 
the Pacific and Atlantic (Haug et al., 2001). At this time (~4.2-~4.12 Ma), the KCE 
records cool, and all begin to generally converge. These data suggest that the KCE was 
displaced southward throughout this interval, bringing more subpolar waters over the 




threshold which temporarily forced the KCE equatorward. In addition, our data indicate 
that the North Pacific Subtropical Gyre could have spun-up during this time.  
The cooling event ends abruptly ~4.12 Ma, with the northern KCE Holes 1207A and 
1208A experiencing punctuated, short-lived warming episodes until ~3.7 Ma, while 
subtropical Hole 1209A was relatively stable and independent of the other two sites (Fig. 
6B). Warming of the Hole 1207A and 1208A records, along with a stable Hole 1209A 
record, indicate the time interval from ~4.12-~3.7 Ma was characterized by a northward 
shift of the KCE. High-amplitude KCE warming episodes (~1‰ at Holes 1207A and 
1208A) coincide with mostly stable or only slight warming of the WPWP region 
(<0.5‰) that seem to respond to orbital cycles (Fig. 6D). This finding further implies that 
the mid-latitude regions were very sensitive to temperature and climate change events of 
the past and as predicted for the future (e.g., Cuffey et al., 1995; Nijssen et al., 2001; 





Figure 3.6 Paleoceanographic datasets plotted against the new geochemical records from 
the Kuroshio Current Extension region. Major tectonic and climate events are highlighted 
with bars and colored boxes and labeled. A) Eolian mass accumulation rate (cm per year) 
and median grain size in the North Atlantic (ODP Site 885; Rea et al., 1998). Three major 
increases in aridity are noted by the arrows, and one major increase in Westerlies 
strength. B) Two-point average stable isotopic measurements (δ18O) from Shatsky Rise 
Hole 1207A (blue), Hole 1208A (green), and Hole 1209A (pink). The mid-Pliocene 
intervals mP1 and mP2 are bracketed and denoted, with major warming and cooling 
intervals indicated with arrows. C) Mg/Ca-derived sea surface temperature data for 
DSDP Site 292 (Sato et al., 2008), with arrows indicating two major steps in WPWP 
expansion. D) δ18O record from Site 806 in the Western Pacific Warm Pool region (Wara 
et al., 2005), with arrows indicating times of cooling and warming. E) Five-point average 
equatorial Pacific δ18O records from eastern equatorial Pacific (EEP) Hole 851B 
(Cannariato and Ravelo, 1997) plotted with the Caribbean Hole 999A δ18O data (Haug et 
al., 2001). Note the major divergence of these records around 4.2 Ma. F) The global 





Expansion and development of the Western Pacific Warm Pool was recorded by 
Sato et al. (2006) from DSDP Site 292, which is ideally located to monitor the SST of the 
northern edge of the WPWP and is near the source region of the Kuroshio Current. The 
SST record indicates two major steps in northward expansion of the WPWP, both with 
large influences on the KCE. The first expansion of the warm pool began around ~3.86, 
reaching an apex at ~3.58 Ma. Concurrent with this expansion of the WPWP is 
strengthening of the Westerlies over the North Pacific (Fig. 6A; Rea et al., 1998). 
Increasing winds and warm waters to the mid-latitudes led to an initial warming event of 
the KCE around ~3.58 Ma, on the order of ~0.75‰ at Holes 1207A and 1209A. 
Warming of Hole 1208A may not be apparent because of low-resolution sampling 
throughout this interval. Expansion of the WPWP and Westerlies likely led to increased 
warm-water transport to the mid-latitudes of the Northwest Pacific, therefore warming 
the waters over the holes indicating a brief northward shift of the current around ~3.58 
Ma. After ~3.58 Ma, the Hole 1207A, 1208A, and 1209A records begin to cool, 
indicating a subsequent southward shift of the KCE. Concurrent with cooling is 
convergence of the three records, which begin to behave more or less in concert. The 
warming and subsequent cooling is also apparent in the Caribbean and eastern equatorial 
Pacific records (Fig. 6E), yet another indication that small temperature changes in the 
equatorial regions leads to larger-scale temperature shifts in the KCE region.  
 Cooling at all the sites after ~3.58 Ma lasts until ~3.38 Ma (Fig. 6B). This time 
interval corresponds to a slight decrease of the Westerlies over the North Pacific Ocean 
(Rea and Janecek, 1982; Rea et al., 1998; Fig. 6A), decreased surface ocean temperatures 




temperatures (Fig. 6F). Increasing aridity on the Asian continent which brought dust over 
the North Pacific (Ferguson et al., 1970; Blank et al., 1985; Fig. 6), along with 
intensification of the east Asian summer and winter monsoons (e.g., An et al., 2001; Guo 
et al., 2004; Zhang et al., 2009) was ongoing through this time interval. However, the link 
between east Asian monsoons and their effect on the KCE during the Pliocene are poorly 
understood, and we do not attempt to discern the influence of the prior on the latter at this 
time. 
3.5.2.2 Response of the KCE to the mid-Piacenzian Warm Period 
The mid-Piacenzian Warm Period (mPWP; 3.2-2.9 Ma) was a time in 
characterized by global average temperatures that were ~2-3°C warmer than pre-
industrial values with estimated atmospheric CO2 concentrations between ~350-450 parts 
per million (ppm) (Raymo et al., 1996; Pagani et al., 2010; Seki et al., 2010; Bartoli et al., 
2011; Badger et al., 2013; Martínez-Botí et al., 2015) and a paleobathymetric and 
continental configuration very similar to today (Dowsett et al., 2010). For all these 
reasons, the mPWP is an ideal interval to investigate ocean current response to increased 
atmospheric CO2 concentrations. In addition, paleoceanographic reconstructions of this 
interval match closely with predicated climate change scenarios in the coming decades 
(Tierney et al., 2019). Thus, this interval is of high importance with regards to how major 
ocean currents, such as the Kuroshio Current and its Extension, behaved under elevated 
atmospheric CO2 concentrations.  
 The mPWP, or PRISM (‘Pliocene Research, Interpretation, and Synoptic 
Mapping’) sea surface temperature reconstructions, which are more tightly constrained at 




major currents behaved under elevated CO2. For example, the Gulf Stream was found to 
be located further north relative to today during the mPWP, and Southern Ocean 
oceanographic fronts were located closer to Antarctica (Dowsett et al., 2005; Dowsett and 
Robinson, 2007; Williams et al., 2009). Recently recalibrated alkenone-based sea surface 
temperature data from Hole 1208A (LaRiviere et al., 2012) indicate the KCE region was 
~2-4°C warmer relative to preindustrial SST (Tierney et al., 2019). From our dataset, it is 
clear that within the PRISM interval, the KCE region did warm significantly during this 
time, but that warming was not continually sustained.  
 At 3.25 Ma at the beginning of the mPWP and PRISM intervals, all three of our 
Shatsky Rise δ18O records become strongly divergent, with a 0.5‰ difference between 
Holes 1208A and 1207A (Fig. 3.6). The record at Hole 1209A remains much cooler than 
the other two records, indicating planktic foraminiferal seasonal preferences were still 
prevalent during the middle Pliocene. We call this interval of increased temperatures over 
Holes 1207A and 1208A but with a large gradient between the sites the mP1 event (3.25-
~3.14 Ma; Fig. 6B). The mP1 event is sustained until ~3.14 Ma, where all three δ18O 
records converge during a brief cooling period. Another large but of shorter duration 
temperature difference occurs between Holes 1208A and 1207A around ~3.06 Ma and 
lasts until the end of the PRISM interval (Fig. 6B). This interval is interesting and differs 
from the first large gradient difference at 3.25 Ma. At ~3.06 Ma, the Hole 1208A and 
1207A records diverge strongly in different directions, with Hole 1208A becoming 
warmer and Hole 1207A becoming cooler. We call this short-lived interval that contains 
a short-lived but large gradient between Holes 1207A and 1208A the mP2 event (~3.06 




 Within the mP1 interval, it is clear the KCE region experienced increased 
warming at all sites beginning slightly before the PRISM interval (Fig. 6B). Warming 
during this time is also apparent in the WPWP (Fig. 6D) and equatorial Pacific (Fig. 6E) 
records. Because the temperature difference between Holes 1208A and 1207A are still 
apparent, we propose the KCE shifted northward during mP1. These findings match those 
of modeling experiments (e.g., Wu et al., 2012; Li et al., 2017) and recent observations 
(e.g., Wang and Wu, 2019), which indicate during times of elevated atmospheric CO2, 
the Kuroshio Current Extension intensifies and shifts its path northward. The Hole 1209A 
record does not reflect this increased warming, perhaps meaning that warm waters over 
this location did not warm significantly or at all. The sustained apparent cooler 
temperatures at Hole 1209A also indicate seasonality was decreased during this time at 
this site, with Gs. ruber/Gs. obliquus occurring year-round much like today. This finding 
may conflict with those of Zubakov and Borzenkova (1988, 1990), in which these authors 
found decreased seasonality during the mid-Pliocene. Perhaps other factors could be at 
work to cool the Hole 1209A record, such as increased salinity over the drill site during 
the mP1 event. 
 During the short-lived mP2 event centered at ~3.06 Ma, there is a very distinct 
temperature gradient that developed between Holes 1207A and 1208A, with 1207A 
becoming much cooler and 1208A becoming much warmer (Figs. 5, 6B). We interpret 
this as the KCE path becoming very stable, with a large temperature gradient between 
Holes 1207A and 1208A. In other words, the axis of the KCE became very sharp and 




changes in the geochemical records from the equatorial Pacific and Caribbean, thus a 
driver for such a strong temperature gradient is lacking at the moment.  
 Our new geochemical records offer more spatial analysis of the KCE, and 
corroborate the findings of geochemical datasets (LaRiviere et al., 2012; Tierney et al., 
2019), modeling studies and global reconstructions (e.g., Chandler et al., 1994; Sloan et 
al., 1996; Dowsett et al., 1999; Dowsett, 2007; Dowsett et al., 2009; Haywood et al., 
2000; Jiang et al., 2005; Rosenbloom et al., 2013; Haywood et al., 2016) that indicate the 
northwest Pacific mid-latitude region warmed during the mPWP. Geochemical studies 
are limited in aspect because they rely on the data from a single site with the KCE region 
(e.g., LaRiviere et al., 2012) and sites located to the north and south of the KCE region. 
However, our data are limited with respect to temporal resolution.  
Further geochemical analyses of the mPWP interval should be conducted to further 
constrain the timing of warming and behavior of the KCE within the PRISM, mP1, and 





3.5.2.3 Response of the KCE to 
Northern Hemisphere Glaciation 
Northern Hemisphere ice 
growth (NHG) was a protracted 
process that began around ~3.6 Ma 
(Mudelsee and Raymo, 2005; 
reviewed in De Schepper et al., 2014), 
but intensified after the mPWP at the 
transition between the Pliocene and 
Pleistocene (Funder et al., 2001, 
Bartoli et al., 2006; Lawrence et al., 
2010). Southern Hemisphere ice 
expansion occurred from ~3.1 Ma 
onwards in the Southern Ocean 
(Hillenbrand and Ehrmann, 2005), 
with intensified cooling occurring 
around the Pliocene-Pleistocene 
boundary (Naish et al., 2009). 
Northern Hemisphere glaciations 
intensified around 2.7 Ma, as 
evidenced from ice rafted debris 
(e.g., Jansen et al., 2000; St. John 
and Krissek, 2002; Knies et al., 
2009; Bailey et al., 2013) in the high 
Figure 3.7 Paleoceanographic datasets from 
Pacific high latitudes plotted against the new 
Shatsky Rise δ18O records with glacial and 
interglacial cycles highlighted with blue and red 
vertical bars, respectively. A) Mean temperature 
of the warmest month (MTWM) for Lake 
El’gygytgyn in northeast Siberia (Brigham-Grette 
et al., 2013). B) ODP Site 882 temperatures (Haug 
et al., 2005), with the arrow marking a major 
decrease in SSTs. C) Two-point average stable 
isotopic measurements (δ18O) from Shatsky Rise 
Hole 1207A (blue), Hole 1208A (green; from 
Venti and Billups, 2013), and Hole 1209A (pink). 
Arrows indicate times of cooling and subsequent 
warming associated with cooling at Site 882. 
Dashed lines indicate the modeled mean modern-
day δ18O values for Hole 1208A (green) and Hole 
1207A (blue). D) The global benthic foraminiferal 
δ18O stack from Lisiecki and Raymo (2005) with 




latitudes. Ice growth led to a drop in sea level across the Pliocene-Pleistocene boundary 
on the order of ~30 meters (e.g., Evans et al., 2016), although some reconstructions place 
this magnitude of sea level fall later into the Pleistocene (e.g., Rohling et al., 2014). 
Regardless of error estimates in ice volume and sea level (reviewed in Raymo et al., 
2018) ice growth at 2.7 Ma had a large impact on the KCE region.  
 Beginning around ~2.9 Ma, the δ18O curves from Holes 1207A, 1208A, and 
1209A begin to indicate cooling, converge, and behave similarly throughout the rest of 
the study interval (Fig. 7C). Temperature and salinity fluctuations of the records also 
behave in concert with those from the inland of northeast Siberia (Fig. 7A) and North 
Pacific (Fig. 7B). From these data, it is clear that the KCE experienced cooling before 
and throughout the initiation of major Northern Hemisphere ice growth. Initial cooling 
within the current occurred within MIS G11. This event slightly leads the major cooling 
step recoded at ODP Site 882, north of the KCE within the North Pacific Subpolar Gyre 
(Fig. 4.1). These findings indicate the KCE shifted to the south during this time, as cool 
waters from the Oyashio Current may have pushed their way equatorward. Our findings 
agree with the hypothesis put forth by Maslin et al. (1996), in which they inferred a shift 
from a Kuroshio Current dominated North Pacific to a subpolar gyre with a strong 
Oyashio Current from ~2.81-2.72 Ma.  
Increased warming is recorded in the Lake El’gygytgyn record in the ~2.81-2.72 
Ma interval, but is likely due to the temperature calculation based on pollen spectra and 
an applied best modern analog approach (Brigham-Grette et al., 2013), which records the 
mean temperature of the warmest month instead of a seasonal or yearly average. 




amplitude temperature swings hereafter. The Lake El’gygytgyn and Site 882 records also 
record large temperature swings after ~2.72 Ma. 
 The mid- to high-latitude records summarized in Figure 7 indicate the North 
Pacific region began to become nearly synchronous during and after 2.7 Ma at the onset 
of Northern Hemisphere glaciation. A similar finding was reported by Herbert et al. 
(2010), in which geochemical data from tropical sites around the world behaved in 
concert and were tightly coupled with benthic foraminiferal δ18O records and orbital 
forcing at this time. Our data from Holes 1207A and 1209A are at present too low 
resolution to interpret orbital forcing, but Venti and Billups (2013) reported that Hole 
1208A δ18O varied with the 19-kyr precession cycles. Thus, our findings preliminarily 
support the hypothesis put forth by Herbert et al. (2010) that the global ocean 
geochemical cycles responded in concert with initiation of NHG paced to orbital cycles.  
 We interpret the synchronicity of our Shatsky Rise records during and after NHG 
as indicating the time when the KCE began to come into its modern configuration. 
Although the Hole 1207A and Hole 1209A records are not as high resolution as the Hole 
1208A records through the 3.0-2.5 Ma interval, the gradient between the Hole 1208A and 
Hole 1207A records decreases during this time. This smaller gradient among the Hole 
1208A and Hole 1207A δ18O resembles those modeled for the modern (Figs. 4, 7C).  
 
3.5.3 Synthesis 
The data presented in this contribution reveals the Kuroshio Current Extension 
was a dynamic current throughout the Pliocene and earliest Pleistocene that behaved in 




behavior of the KCE from new δ18O records from Ocean Drilling Program holes that 
transect the current by highlighting major intervals of change in the record. We have 
identified five major times of KCE warming and a northward shift (4.4-~4.2 Ma; ~4.12-
~3.7 Ma; ~3.58 Ma; 3.25-~3.14 Ma; ~3.06 Ma), and three times of cooling accompanied 
by a southern shift of the KCE (~4.2-~4.12 Ma; ~3.58-3.38 Ma; ~2.9-2.5 Ma). Inferred 
periods of warming and cooling of the KCE region, along with current shifts to the north 
and south, indicate engagement and disengagement of subtropical Hole 1209A. During 
each of the five inferred warming intervals that indicate a northward shift of the KCE, 
Hole 1209A becomes decoupled from the other two records. This indicates that as the 
KCE pushes north, its influence on the subtropical sector decreases. When the current 
cools and pushes south, this re-engages the subtropical site, thus leading to an observed 
convergence of the δ18O records. Even though our data characterize sea surface 
conditions within the current, we present five modeled hypotheses of KCE behavior to 
highlight shifts of the current and engagement and disengagement of Hole 1209A during 
eight major time intervals in response to tectonic, climate, and oceanographic events (Fig. 
3.8). 
 During the critical phase of Central American Seaway constriction and closure 
(Haug and Tiedemann, 1998; Steph et al., 2006; Steph et al., 2010), the KCE began to 
experience large temperature swings and latitudinal shifts in response to gyre spin up and 
western Pacific Warm Pool warming and expansion. As the Panamanian sill shallowed 
4.4-~4.2 Ma, the KCE was displaced northwards, concurrent with warming of the WPWP 
(Fig. 3.8). From ~4.2-~4.12 Ma, we interpret a brief southward shift of the current as all 




another northward migration, this time alongside warming and then expansion of the 
WPWP. 
 
Figure 3.8 Simplified models of KCE behavior depicting KCE behavior during eight 
major shifts of the current as interpreted from the δ18O data. The yellow bands represent 
the main axis of the KCE, with blue representing cooler waters brought south by the 
Oyashio Current, and red and orange colors representing warm, subtropical waters 
brought northward by the Kuroshio Current. Times of northward displacement include 
4.4-~4.2 Ma, ~4.12-~3.7 Ma, and ~3.58 Ma. Times of southward displacement include 
~4.2-~4.12 Ma and ~3.58-~3.38 Ma. Modern map created using Ocean Data View 
(Schlitzer, 2018) with sea surface temperature data from the World Ocean Atlas 
(Locarnini et al., 2013); modern sea surface temperatures same as in Figure 3.1. 
 
A very brief but fast warming event is recorded at all sites centered around ~3.58 
Ma (Fig. 3.8). We interpret this shift as a warming of the KCE region and another 
northward shift. After this warming peak from ~3.58-3.38 Ma, the three sites all exhibit 
gradual cooling, indicating a southward shift of the KCE (Fig. 3.8). This interval 




bottom water cooling pulse. The WPWP does expand during this time, indicating that the 
WPWP and KCE become decoupled during this interval.  
 The next largest change in the KCE records occur during the initial phase of the 
mPWP. This interval, which we have termed the mP1 event (~3.25-~3.14 Ma), results in 
a large temperature increase in the KCE region as reflected in the Hole 1207A and 1208A 
records (Fig. 3.8). Hole 1209A temperatures remain stable throughout the mP1 interval. 
The δ18O difference between Holes 1207A and 1208A remains large, indicating the KCE 
likely shifted to the north, bringing warmer waters over the holes while maintaining a 
relatively large temperature gradient and similar water temperatures at Hole 1209A (Fig. 
3.8). Concurrent with KCE warming is a large warming of the WPWP, indicating that 
once again the western equatorial and northwest Pacific become coupled.  
The temperature gradient among all sites collapses for a short time, then reappears 
around ~3.06 Ma within the mP2 interval, still within the mPWP. The temperature 
gradient between Hole 1207A and Hole 1208A becomes very large very quickly. We 
interpret this data as a time when the axis of the KCE was sharp and the current very 
stable (Fig. 3.8).  
 With initiation of Northern Hemisphere Glaciation, the KCE records begin to 
converge and more or less behave similarly through time (~2.9-2.5 Ma). With ice sheet 
growth and global cooling, the KCE began to come more fully into its modern 
configuration as interpreted from the decreased gradient between Hole 1208A and 1207A 
δ18O curves, which resembles gradients modeled for modern δ18O values (Figs. 7, 8). 
Within the onset of NHG, the KCE likely shifted to the south with increased global 




 From our dataset, it is apparent that the KCE was present throughout the entirety 
of the study interval. The closure and constriction of the CAS had an influence on the 
behavior of the current and the North Pacific Subtropical Gyre, but did little to bring the 
current into its modern formation. High-amplitude warming and cooling events are 
apparent at Hole 1208A throughout the entirely of the record, indicating this site has been 
in the core of the KCE since at least 4.45 Ma and possibly longer.  
 
3.6 Conclusions 
The Kuroshio Current and its Extension (KCE) is the major western boundary 
current as part of the North Pacific Subtropical Gyre. The current has shifted its 
latitudinal position on decadal to millennial timescales, but its behavior through the 
Pliocene remains uncharacterized. Here, we utilized three deep-sea sites, Ocean Drilling 
Program Holes 1207A, 1208A, and 1209A, that lie at the northern edge, directly 
underneath, and to the south of the modern-day position of the KCE on Shatsky Rise to 
determine current behavior from 5-2.5 Ma.  
We used the surface-dwelling planktic foraminiferal species Globigerinoides 
ruber and Gs. obliquus to reconstruct surface water conditions at the three holes through 
the study interval. The δ18O and δ13C records are biased by seasonality, as Gs. ruber/Gs. 
obliquus species record cooler annual average sea surface temperatures at the subtropical 
Hole 1209A, while the same species record warmer late summer-early fall sea surface 
temperatures at Holes 1207A and 1208A within the KCE. Seasonality may also be to 




1208A. This study highlights the need for understanding ecological and seasonal 
preferences of micro- and nannofossils when interpreting their geochemical data.  
We have interpreted eight major periods of warming (northward displacement) 
and cooling (southern displacement) of the KCE across the constriction and closure of the 
Central American Seaway, development and expansion of the Western Pacific Warm 
Pool, the mid-Piacenzian Warm Period, and initiation of Northern Hemisphere ice 
growth. Periods of warming and northward displacement include 4.4-~4.2 Ma, ~4.12-
~3.7 Ma, ~3.58 Ma, 3.25-~3.14 Ma, and ~3.06 Ma. Along with northward displacement 
of the KCE, subtropical Hole 1209A becomes disengaged from the other two holes. 
Periods of cooling and southward displacement of the current include ~4.2-~4.12 Ma, 
~3.58-~3.38 Ma, and ~2.9-2.5 Ma. During equatorial shifts of the KCE, the subtropics 
become engaged and under the influence of the KCE.  
Throughout the duration of the study interval, the KCE was already formed and 
present in the northwest Pacific. Hole 1208A, which lies directly underneath the modern-
day KCE, has likely been in the core of the current since at least 4.45 Ma, as this site is 
most sensitive to tectonic, climate, and oceanographic events and exhibits the largest 
temperature swings. The constriction and closure of the CAS affected the KCE, but did 
little to bring it into its modern configuration. In this study, we have defined two events 
that occur within the KCE during the mid-Piacenzian Warm Period, the mP1 (~3.25-3.14 
Ma) and the mP2 (centered around ~3.06 Ma) events. The mP1 event is a time of extreme 
warming of the KCE, with the mP2 event a time when the temperature gradients in the 
KCE become very strong, which may indicate a very fast-flowing and stable current. 




converge and resemble δ18O gradients that are similar for those modeled for today’s δ18O 
values at Holes 1207A, 1208A, and 1209A. The sea surface conditions within the KCE 
region become tightly coupled with those from the higher latitudes of the Northern 
Hemisphere, lending more support that during NHG, the ocean system became more 
synchronous and sensitive to orbital forcing mechanisms. 
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PALEOBIOGEOGRAPHIC ANALYSIS OF THE NEOGENE PLANKTIC 
FORAMINIFER GENUS GLOBOCONELLA 
4.1 Abstract 
Species belonging to the planktic foraminiferal genus Globoconella occupy mid-latitude 
regions of the world ocean today. These regions are characterized by changes in major 
water mass and thermal gradients during the Neogene. The globoconellids and their 
ancestors first evolved in the earliest Neogene and obtained a global dispersal across 
major tectonic, climate, and paleoceanographic events. Their paleobiogeographic history 
can therefore lend insight into the importance of major tectonic and climate shifts to the 
evolutionary history of marine plankton. We utilized 32 Deep Sea Drilling Project and 
Ocean Drilling Program deep sea sites in this analysis, updating the age model for each 
site for site-to-site comparisons. Our data provide a new calibration for the first and last 
occurrences of globoconellid species and a revised phylogenetic hypothesis for the clade. 
Diachroneity both within and between ocean basins was found to be high for any given 
species, with major implications for mid-latitude biostratigraphic zonation schemes that 
utilize Globoconella species. Reconstructed dispersal paths indicate that the development 
of ocean currents and gyres with increased global cooling were important to achieve 
long-distance dispersal and global occupation of ocean basins. Dispersal across equatorial 
regions was accomplished via cool-water upwelling zones and cooling thermoclines that 
developed in response to an expanded East Antarctic Ice Sheet in the middle Miocene. 
Evolution in the genus could have been accomplished via parapatric speciation, in 
addition to depth and seasonal parapatry. This study indicates that during geologic 




warming predicted for the coming decades under anthropogenically-induced climate 
change, plankton species that occupy temperate water masses may be adversely affected, 
with those affects scaling up the food chain.  
 
4.2 Introduction 
Planktic foraminifera have an extraordinary deep-sea fossil record (Ezard et al., 
2011; Schiebel 2002) that dates to the Jurassic (~170 Ma) upon which to perform 
paleobiogeographical analyses and test patterns of speciation, dispersal, and the influence 
of abiotic factors on evolutionary dynamics. Species of these plankton today and in the 
geologic past are sensitive to temperatures, water masses changes, and nutrients, thus 
their assemblages and shell geochemistry have commonly been used to reconstruct 
ancient ocean currents, temperature gradients, and stratification from high to low 
latitudes (Bouvier-Soumagnac and Duplessy, 1985; Kennett et al., 1985; Abramovich et 
al., 2003; Maestas et al., 2003; Majewski, 2003; Kucera et al., 2005; Kucera, 2007; 
Pearson et al., 2007; Nathan and Leckie, 2009; Pearson and Wade, 2009; Steph et al., 
2009; Katz et al., 2010; Husum and Hald, 2012; Pearson, 2012 Lowery et al., 2014; 
Elderback and Leckie, 2016).  
These single-celled protists are especially significant in the Neogene (~23-2.58 
Ma) and Quaternary (~2.58-0 Ma) periods, where their occurrences are well-catalogued 
across the globe. During the Neogene, planktic foraminifera experienced a large increase 
in diversity (Berggren, 1969; Wei and Kennett, 1986; Stanley et al., 1988; Fraass et al., 
2015) against the background of dynamic climate shifts, tectonic events, wind pattern 




gradients and global ocean surface circulation patterns. The abiotic drivers for such a 
diversity increase in the planktic foraminifera have been attributed to changes in ocean 
circulation and global cooling, but there exist few studies that closely tie these processes 
to evolution and extinction patterns of the group.  
The effect of changing paleoceanographic conditions, such as the spin-up of 
currents due to increased temperature gradients during global cooling periods, is 
hypothesized to have an effect on the dispersal potential and thus evolution of marine 
taxa through geologic time (e.g., Maxwell and Cresswell, 1981; Scheltema, 1986; Wei 
and Kennett, 1986; Muss et al., 2007; Lam and Stigall, 2015; Lam et al., 2018). Increased 
temperature gradients and gyre formation during the Neogene (Kennett et al., 1985) may 
have had a huge effect on marine plankton diversity, increasing their long-distance 
dispersal potential and ability to speciate (de Vargas et al., 1999; Norris, 2000).  
In conjunction with the establishment of increased temperature gradients and 
ocean currents was the establishment of bipolarity in planktic foraminiferal lineages by at 
least the Neogene (Lipps, 1979). Today, species of planktic foraminifera still exhibit 
biopolarity (anti-tropical) distributions. In their 2000 study, Darling et al. (2000) analyzed 
genetic material from members of the bipolar species Globigerina bulloides, 
Turborotalita quinqueloba, and Neogloboquadrina pachyderma from the Arctic and 
Antarctic. They found that these three morphospecies have high amounts of genetic 
similarity, indicating gene flow has been occurring across tropical regions of the world 
ocean in the geologic past and more recently relative to the establishment of cold-water 
provinces since the middle to late Miocene. Darling et al. (2000) hypothesized that 




zones, where surface waters are on average 2-9˚ C cooler than surrounding waters (Fig. 
4.1), as ‘stepping stones’ to achieve long-distance dispersal and thus genetic exchange 
with populations in the opposite hemisphere.  
In this study, we investigate the role of ocean currents and gyre systems on the 
evolution of planktic foraminifera and test the hypothesis that cool-water plankton 
species utilize low latitude upwelling zones to disperse across the ocean basins. We use 
the paleobiogeographic history of the Globoconella and their immediate ancestors, a 
planktic foraminiferal genus that inhabits mid-latitude regions of the world ocean today 
and throughout the Neogene (Kennett and Srinivasan, 1983). This group has been well-
studied and utilized for evolutionary studies (Malmgren and Kennett, 1981; Wei and 
Kennett, 1988; Norris et al., 1994; Wei, 1994; Schneider and Kennett, 1996; Schneider 
and Kennett, 1999; Morard et al., 2011), paleobiogeographic analyses (Chapman et al., 
1998; Scott et al., 2007), utilized in construction of planktic foraminiferal biozones 
(Kennett, 1977; Jenkins and Srinivasan, 1986; Chapter 1; Chapter 2), and for calibration 






Figure 4.1 Modern sea surface temperature map showing the locations of DSDP and ODP 
sites and holes used in this study to interpret Neogene dispersal patterns of the planktic 
foraminiferal genus Globoconella. Map made using Ocean Data View (Schlitzer, 2018) 
with temperature data from Locarnini et al. (2013). 
4.3 Methods 
4.3.1 Species Occurrences and Age Models 
To investigate the paleobiogeographic history of the globoconellids, we used six 
species of Globoconella along with two of their ancestors in the genus Globorotalia 
(Table 4.1). The Globoconella phylogeny has been updated through the decades, with the 
earliest relationships among species indicating Globorotalia zealandica was one of the 
earliest ancestors (Kennett and Srinivasan, 1983). In their maximum parsimony-
constructed phylogeny, Norris et al. (1994) indicate that Globorotalia zealandica and 
Globorotalia praescitula are direct ancestors of the globobconellids. Aze et al. (2011) 
indicate instead that Hirsutella praescitula gave rise to Globorotalia zealandica, which 
then gave rise to the globoconellids. In this study, we assume that Gr. zealandica and Gr. 
praescitula were the earliest ancestors of the globoconellids, thus include both species in 

















Species occurrences were downloaded from the Neptune Database (Lazarus, 
1994). Because the database only contains DSDP and ODP data, an additional literature 
search was conducted to gather species occurrences from more recent expeditions. 
Preliminary biostratigraphic results from shipboard paleontological data was used in most 
cases. These data are usually incomplete and conducted at a low sampling resolution 
(e.g., often only using shipboard core catcher samples). However, in ocean basins and 
areas where robust biostratigraphic studies are lacking, preliminary shipboard data was 
included as a first-approximation of species’ ranges in a geographic region. Our goal was 
to identify key locations that included globoconellid species rather than an exhaustive list 
of all sites. Thus, the results of this study and our interpretations are based upon 32 sites, 
holes, and sections on a global scale (Fig. 4.1).   
Species first and last occurrences were gathered from published studies that 
contained any globoconellid species. Questionable occurrences of species were not 
included in this study. We follow the taxonomic concepts for the globoconellids in 
Chapter 1, Chapter 2, Kennett (1973), Hornibrook (1982), Kennett and Srinivasan (1983), 
Jenkins and Srinivasan (1986), and Scott et al. (1990). Where necessary, species from 
published biostratigraphies used in this study were synonymized (e.g., Globoconella 
conoidea is called Globoconella miotumida following the synonymy of Scott et al., 
Species List Reference 
Globoconella inflata (d’Orbigny, 1839) 
Globoconella puncticulata (Deshayes, 1832) 
Globoconella sphericomiozea (Walters, 1965) 
Globoconella conomiozea (Kennett, 1966) 
Globoconella miotumida (Jenkins, 1960) 
Globoconella miozea (Finlay, 1939) 
Globorotalia zealandica Hornibrook, 1958 





In all cases, species occurrences were re-calibrated to the 2012 Neogene Geologic 
Time Scale (GTS 2012; Hilgen et al., 2012) using magnetostratigraphic reversal 
boundaries, calcareous nannofossil, diatom, and in rare cases, planktic foraminiferal 
datums (Table 4.2, Appendices J, K). For calcareous nannofossil datums, we used the 
Expedition 371 biostratigraphy, in which critical datums were updated to the GTS 2012 
(Sutherland et al., 2019). This zonation scheme is appropriate for mid- to low-latitude 
sites and is thus employed at sites within all ocean basins in this study. At DSDP Site 
173, diatom biostratigraphy was employed to create an age model. In order to create a 
magnetostratigraphically-calibrated North Pacific diatom biostratigraphy, we updated the 
magnetostratigraphy from ODP Leg 145 Hole 887A to the GTS 2012 reversal ages, then 
re-calibrated the diatom datums from this hole (see Appendix K for these updated datum 
ages). We then applied this biostratigraphy to Site 173. Planktic foraminiferal 
biostratigraphy (Wade et al., 2011) was only used at two holes, DSDP Leg 41 Holes 
366A and 369A, due to a lack of robust calcareous nannofossil datums and, as far as we 
are aware, a lack of a robust, magnetostratigraphically-calibrated diatom biostratigraphy 
for the eastern equatorial Atlantic Ocean.  
 
Table 4.2 Sites used in this study with methods and references used to construct and or 

















Site 231 Tephrochronolgy, 
calcareous nannofossils 
Feakins et al., 
2007; Roth, 1974 
Vincent et al., 
1974 
 Sites 236, 237 Calcareous Nannofossil 
biostratigraphy 







Site 253 Calcareous Nannofossil 
Biostratigraphy 
Thierstein, 1974 Boltovskoy, 1974 
DSDP Leg 
29 
Hole 281A Calcareous Nannofossil 








































Hole 516 Calcareous Nannofossil 
Biostratigraphy 
Berggren et al., 
1983 
Berggren et al., 
1983; Pujol, 1983 
DSDP Leg 
82 
Sites 563 and 
558 
See Appendix J See Appendix J Miller et al., 1985 
DSDP Leg 
85 
Hole 572D Calcareous Nannofossil 
Biostratigraphy 
Pujos, 1985 Saito, 1985 
DSDP Leg 
90 








 Holes 588, 588A Magnetostratigraphy  Barton and 
Bloemendal, 1986 





 Hole 588C Calcareous Nannofossil 
Biostratigraphy 
Lohman, 1986 Jenkins and 
Srinivasan, 1986 




















New Zealand  Magnetostratigraphy, 
40Ar/39Ar dating 
Morgans et al., 
2002 




Hole 608 Magnetostratigraphy Miller et al., 1991; 
Shipboard 
Scientific Party, 













Berggren, 1992; Li 
et al., 1992 
ODP Leg 
130 
Hole 806B Calcareous Nannofossil 
Biostratigraphy 




































Magnetostratigraphy Evans et al., 2005; 
Evans, 2006 
Lam and Leckie, 
in prep; Lam et al., 
in prep a 
 
Fossil datums used to construct the age models and the first and last occurrences 
of species were tabulated by calculating the mid-point between the sample the species 
was found in and the next sample above (for last occurrences) or below (for first 
occurrences) where the species was not observed. Ages of each species first and last 
occurrence was then interpolated using the mid-point depths between these samples. 
Depth and age error were also calculated and recorded for each species (Appendices J, 
L).  
 
4.3.2 Geographic Framework 
To best interpret paleobiogeographic patterns and processes within the genus 
Globoconella, the sites used in this study were split into 9 regions for further analysis: 
Northwest Pacific, Southwest Pacific, Equatorial Pacific, Northeast Pacific, North 
Atlantic, Equatorial Atlantic, South Atlantic, Indian Ocean, and Southern Ocean (Table 
4.3). The regions are delineated to capture the major oceanographic features in the world 
ocean. The Northwest Pacific includes the Kuroshio Current and Kuroshio Current 
Extension, the Northeast Pacific includes the California Current, and the Equatorial 




equatorial Pacific upwelling zones, respectively. The Gulf Stream, North Atlantic Drift, 
and Canary Current characterize the North Atlantic, with the North and South Equatorial 
Currents and Equatorial Countercurrent characterizing the equatorial Atlantic region. 
South Atlantic sites lie on either side of the South Atlantic Gyre system, which includes 
the Brazil and Benguela currents. The Indian Ocean sites are situated close to the 
Agulhas Current and South Equatorial Current. Hole 747A is the only site located in the 
Southern Ocean near the Antarctic Circumpolar Current. Clearly, there is uneven 
coverage of sites within each ocean basin and region used in this study, as several regions 
lack sites with robust proxies for age control (magnetostratigraphic, cyclostratigraphic, or 
biostratigraphic), or more importantly, lack a planktic foraminiferal biostratigraphy, or 
more commonly, do not have a recorded presence of any globoconellids. Regardless, this 
study is the first and most comprehensive to analyze the patterns of evolution and 
dispersal for the genus Globoconella.  
Table 4.3 Areas used in this study and sites and holes within each. 
Areas Sites and Holes 
Northwest Pacific 1207A, 1208A, 1209A 
Southwest Pacific 281A, 587, 588, 591, 590, 592, 593, 594, 1123, 1171C, Tangakaka 
Stream 
Equatorial Pacific 806B, 572D 
Northeast Pacific 173 
North Atlantic  369A, 558, 563, 608, 609 
Equatorial Atlantic  362, 366A, 959 
South Atlantic  360, 516 
Indian Ocean 231, 236, 237, 253 
Southern Ocean 747A 
 
4.4 Patterns of Dispersal within the Globoconella  
In several cases, the error associated with the first and last occurrences of species 
are large, in some cases by over a million years. This is most apparent for occurrences at 




at Hole 1171C, the last occurrences of Gc. conomiozea has an age error of ±1.42 Ma (Fig. 
4.3E); similarly, at Site 173, the first occurrence of Gc. puncticulata has an error of ±2.47 
Ma (Fig. 4.2G). The large age errors on species’ first and last occurrences greatly hinders 
the interpretations of dispersal patterns and processes. However, these data are the best 
we currently have, and thus preliminary conclusions are reached herein. In the following 
sections, we consider errors where they are large, but for the most part, we discuss 
dispersal and evolution by the midpoint occurrences in each geographic location.  
 In total, 135 first occurrences of globoconellid species were identified (Gr. 
zealandica – 10; Gr. praescitula – 17; Gc. miozea – 16; Gc. miotumida – 20; Gc. 
conomiozea – 16; Gc. sphericomiozea – 10; Gc. puncticulata – 21; Gc. inflata – 25; Fig. 
4.2). Likewise, 109 last occurrences of globoconellid species were identified (Gr. 
zealandica – 11; Gr. praescitula – 14; Gc. miozea – 15; Gc. miotumida – 21; Gc. 
conomiozea – 16; Gc. sphericomiozea – 10; and Gc. puncticulata – 22; Fig. 4.3).  
 
4.4.1 Globorotalia zealandica 
The occurrences of Gr. zealandica are very limited compared to its descendants. 
Our data indicate that this species most likely evolved in the South Atlantic and then 
dispersed to the southwest Pacific, Southern Ocean (Kerguelen Plateau), then the western 
equatorial Pacific (Fig. 4.2A). Thus, Gr. zealandica did not disperse into the Northern 
Hemisphere. We note that the occurrence of Gr. zealandica in the equatorial Pacific is 
very sporadic and rare (Chaisson and Leckie, 1993).   
 Results of this study indicate that Globorotalia zealandica likely first evolved in 




isochronous. We are skeptical of the older occurrence of Gr. zealandica in the Tasman 
Sea, southwest Pacific Ocean at DSDP Hole 590B (Jenkins and Srinivasan, 1986). The 
first occurrence at Hole 590B is recorded at an age of 22.8 Ma, which would place the 
origin of this species well below the first occurrences recorded at other nearby southwest 
Pacific sites (Fig. 4.2A). More work is needed to confirm if the earliest first appearance 
date of Gr. zealandica occurs at Hole 590B, or within the South Atlantic. We suspect the 
latter and continue the discussion below ignoring the datum at Hole 590B.  
After evolving in the South Atlantic, Gr. zealandica appears in the southwest 
Pacific and Southern Ocean nearly isochronously. The latest first occurrence event of Gr. 
zealandica are at Site 281 in the southwest Pacific and Hole 806B in the western 
equatorial Pacific. Because Site 281 and Hole 1171C lie in close proximity, we are 
doubtful that the late appearance datum at Site 281 is accurate. The difference in first 
occurrence timing at Site 281 and Hole 1171C could reflect unreliable calcareous 
nannofossil datums at such a low latitude, as the age model of Hole 1171C is based 
mainly on magnetic reversal boundaries. Thus, we interpret the first appearance of Gr. 
zealandica at Hole 806B in the western equatorial Pacific as the last area that this species 
disperses into. 
Even if we assume a first occurrence for Gr. zealandica in the South Atlantic, our 
results indicate that this species evolved slightly after Globorotalia praescitula (see 
‘Globorotalia praescitula’ section below), thus validating the phylogenetic relationship 
between these two species in the phylogeny of Aze et al. (2011).  
The last occurrences of Globorotalia zealandica, in general, are diachronous from 




extinctions of this species are recorded in the South Atlantic and southwest Pacific sites, 
then in the equatorial Pacific, then in the Southern Ocean. Our data indicate Gr. 
zealandica’s absolute last occurrence datums are within the Southwest Pacific as Hole 













Figure 4.2 First occurrences of Globoconella species plotted by latitude of the site and 
age (millions of years ago). A) Globorotalia zealandia; B) Globorotalia praescitula; C) 
Globoconella miozea; D) Globoconella miotumida; E) Globoconella conomiozea; F) 
Globoconella sphericomiozea; G) Globoconella puncticulata; and H) Globoconella 
inflata. Colored shapes indicate the midpoint age, whereas the vertical lines off each 
point indicate the associated age error. Points without error indicate an unobserved true 
first appearance datum (in which the shape will be opaque) or the error is smaller than the 
shape. The total range of each species at each hole and site can be found in Appendix M. 
 
4.4.2 Globorotalia praescitula 
In general, the range of Globorotalia praescitula is much more widespread than 
its ancestor Gr. zealandica. The first occurrence of Gr. praescitula occurs in the 
southwest Pacific at the Tangakaka Stream section in the North Island of New Zealand. 
Taking error into account at this section, the first occurrence of Gr. praescitula in the 




Atlantic (Fig. 4.2B). Thus, Gr. praescitula could have evolved in the Atlantic Ocean 
basin, but more detailed biostratigraphic work is needed to confirm whether it originated 
here or in the southwest Pacific region.  
 After its initial appearances, Gr. praescitula quickly spread throughout the 
southwest Pacific and into the Southern Ocean. Nearly at the same time the species 
appears in the Southern Ocean it is also recorded in the equatorial Pacific and North 
Atlantic mid-latitude sites. Nearly 3 million years later, Gr. praescitula appears in the 
northwest and northeast Pacific (Fig. 4.2B).  
 Extinction events of Gr. praescitula are geographically and temporally 
widespread (Fig. 4.3B). This species disappears first from the South Atlantic first, 
followed by what could be isochronous disappearances from the Equatorial Atlantic, 
Equatorial Pacific, and North Atlantic. The last few occurrences of the species are in the 
southwest Pacific and equatorial Atlantic around 11 Ma.  
 
4.4.3 Globoconella miozea 
Globoconella miozea is the first true globoconellid to evolve from Gr. praescitula 
and would later give rise to the rest of the lineage according to the phylogenetic 
hypothesis of Norris et al. (1994) and Walters (1965). At first glance, it appears Gc. 
miozea first evolved in the South Atlantic before quickly dispersing into the southwest 
Pacific. However, the first occurrence of this species including error in the South Atlantic 
overlaps with that of its first occurrence in the southwest Pacific by only 46 kyr (Fig. 
4.2C). Thus, additional biostratigraphic constraints on this species at both Site 516 and 




 Regardless of the first evolutionary appearance of Gc. miozea, it is clear from the 
analysis that this species occupied sites in the southwest Pacific, South Atlantic, and the 
North Atlantic at nearly the same time. It then appears in the western equatorial Pacific at 
~16.3 Ma. At 15.53 Ma, Gc. miozea appears in the Southern Ocean. It isn’t until more 
than 2 million years later that this species then appears in the eastern equatorial Atlantic 
and North Pacific. Its latest first occurrences take place in the eastern equatorial Pacific at 
11.80 Ma and the other equatorial Atlantic Hole 366A at ~9.8 Ma. Because Hole 366A is 
geographically close to Hole 959B, and the first appearances of this species differ 
between these sites by 3.65 Ma, we propose the occurrence of Gc. miozea at these two 
sites needs re-evaluation.  
 The last occurrences of Gc. miozea seem to be rather constrained by areas through 
time. The species disappears first in the South Atlantic, then the southwest Pacific and 
Southern Ocean, then the equatorial Pacific (Fig. 4.3C). At the same time, it disappears 
from the northwest Pacific. Approximately one million years later, the species disappears 
from the equatorial Atlantic, then the northeast Pacific. The last locations Gc. miozea 
disappears from are South Atlantic Site 360 and equatorial Atlantic Site 362 at 4.92 and 
5.29 Ma, respectively. These extinction events occur over 3 million years after the last 
appearance in the northeast Pacific. Therefore, we are cautious about these results and 
thus consider the last appearance datum of Gc. miozea largely unconstrained and 























Figure 4.3 Last occurrences of Globoconella species plotted by latitude of the site and 
age (millions of years ago). A) Globorotalia zealandica; B) Globorotalia praescitula; C) 
Globoconella miozea; D) Globoconella miotumida; E) Globoconella conomiozea; F) 
Globoconella sphericomiozea; and G) Globoconella puncticulata. Colored shapes 
indicate the midpoint age, whereas the vertical lines off each point indicate the associated 
age error. Points without error indicate an unobserved true first appearance datum (in 
which the shape will be opaque) or the error is smaller than the shape. The total range of 
each species at each hole and site can be found in Appendix M. 
4.4.4 Globoconella miotumida 
Interestingly, the first occurrence of Gc. miotumida is in the southeastern Indian 
Ocean at Site 253 (Boltovsky, 1974) (Fig. 4.2D). However, it should be noted that the 
first occurrence of this species at Site 253 occurs in the same sample at the first Orbulina 
spp., which is calibrated to occur at 15.1 Ma in tropical sites (Wade et al., 2011). Thus, 





This species doesn’t appear in the southwest Pacific until 2.2 million years after it 
evolves in the Indian Ocean. Notably, the appearance of Gc. miotumida in the southwest 
Pacific occurs from subtropical to subpolar sites in a southward direction (Fig. 4.2D), 
although more refined biostratigraphic work is required to confirm this pattern as some 
errors in the ages of datums are large. From the subtropics of the southwest Pacific, Gc. 
miotumida disperses into the south and equatorial Atlantic and northwest Pacific. This 
species doesn’t appear in the North Atlantic until at least 11.27 Ma, 1.87 million years 
after its appearance in the South Atlantic; however, the true base of Gc. miotumida was 
not observed at Site 608. Globoconella miotumida then appears in the eastern equatorial 
Pacific at 9.99 Ma. At 7.99 Ma, this species appears in the Southern Ocean, and almost 
concurrently, again appears in the Indian Ocean at DSDP Site 236, located in the Arabian 
Sea in the northwestern Indian Ocean.  
 The biogeographic range of Globoconella miotumida constricts from the 
equatorial regions to the mid-latitudes within approximately 8 million years (Fig. 4.3D).  
 
4.4.5 Globoconella conomiozea 
Globoconella conomiozea has been a species that has suffered from 
misidentification in the primary literature for decades, often confused with the now-
synonymized species Globoconella conoidea/Gc. miotumida (e.g., Vincent, 1975), the 
direct ancestor of Gc. conomiozea. It is nearly impossible to disentangle or synonymize 
this species from the aforementioned species in published studies, as it overlaps 
stratigraphically and temporally with Gc. miotumida (Fig. 4.4) and images of this species 




identification of globoconellid species is outside the scope of this study and will likely 
take a community effort over several years to better constrain the stratigraphic position of 
Gc. conomiozea. Thus, we use the data we have to interpret dispersal patterns and 
evolutionary datums to the best of our abilities.  
 The first occurrence of Gc. conomiozea is in the South Atlantic; but as in several 
other instances discussed previously, the first occurrence could also be in the southwest 
Pacific based on the age uncertainty of the sites used in these two regions (Fig. 4.2E). 
From the Southern Hemisphere, Gc. conomiozea then disperses into the North Atlantic 
and subtropical South Atlantic. The last area this species appears is Shatsky Rise in the 
northwest Pacific where there is a diachronous dispersal from north (ODP Hole 1207A) 
to south (Hole 1208A then 1209A).  
 The last occurrences of Globoconella conomizea are highly variable within the 
southwest Pacific (~5.5 to 3.4 Ma), indicating this species is highly sensitive to ocean 
water masses and temperatures or this finding lends more support that planktic 
foraminiferal workers do not have a clear concept of Gc. conomiozea. The species goes 
extinct synchronously (with error) in specific regions such as the Equatorial Atlantic and 
North Atlantic, and in the northwest Pacific (Fig. 4.3E). The last occurrence datums of 
Gc. conomiozea in the northwest Pacific are approximately 130 kyr after it disappears 
entirely from the southwest Pacific. About 1 myr later, the last occurrence of Gc. 
conomiozea in our data set is in the South Atlantic. We question the validity of this data 
point, as this age is much different for the first South Atlantic site where Gc. conomiozea 





4.4.6 Globoconella sphericomiozea 
This species has a very restricted paleobiogeographic range, as it has a very strong 
presence in the Southern Hemisphere but not in the Northern Hemisphere. The first 
occurrence of Gc. sphericomiozea is highly variable in the southwest Pacific (~5.8 to 3.9 
Ma). The absence of Gc. sphericomiozea in equatorial regions in the Pacific may indicate 
the species took a dispersal route yet to be determined, or Gc. sphericomiozea is a 
morphospecies that does not occur in warmer regions. 
 Globoconella sphericomiozea evolved either in the South Atlantic or Southern 
Ocean. There is a slight possibility that the species could have evolved in the southwest 
Pacific, as the earliest record of Gc. sphericomiozea in this area is from a site where the 
true first occurrence has yet to be recorded (Fig. 4.2F). Like Gc. conomiozea, Gc. 
sphericomiozea seems to be a species whose first occurrences are temporally variable, 
indicating the concept of this species widely varied among workers or it, too, was very 
sensitive to temperature changes and thus was slow to disperse within the southwest 
Pacific. We tend to lean towards the former explanation.  
 The geographic order of extinction events of Gc. sphericomiozea tends to look 
very similar to its first occurrences. This species goes extinct first in the Southern Ocean, 
then the South Atlantic. Its last occurrences in the southwest Pacific are variable over 
~4.1 myr, even though these sites are geographically close (Fig. 4.3F).  
 
4.4.7 Globoconella puncticulata 
Due to the very large error associated with the Globoconella puncticulata 




inconclusive which area the species first evolved (Fig. 4.2G). We assume the evolution of 
Gc. puncticulata may have occurred in the southwest Pacific, as it has a strong presence 
in this region of the world ocean and its ancestors first evolved in the Southern 
Hemisphere. From the southwest Pacific, the species quickly spreads to the equatorial 
Atlantic, South Atlantic, and Southern Ocean. Concurrent with these dispersal events, the 
species also appears in the Northern Hemisphere (northwest Pacific, northeast Pacific, 
and North Atlantic); at Shatsky Rise, the dispersal is again from north (Hole 1207A) to 
south (Hole 1209A). The majority of these first occurrences are clustered between ~5.5 
and 3.5 Ma, indicating a fast dispersal history for Gc. puncticulata.  
 Unlike the clustering of first occurrences, the extinction history of Gc. 
puncticulata is much more protracted (Fig. 4.3G). We note that this could be due to 
worker’s differences in defining the last appearance of this species, as it is highly 
gradational with its descendant Gc. inflata during the early part of its evolutionary history 
(Chapter 1; Chapter 2).  
 Globoconella puncticulata first goes extinct at several sites within the southwest 
Pacific and the South Atlantic. It then disappears from the equatorial and North Atlantic, 
then northwest and northeast Pacific. Finally, this species goes extinct last at southwest 
Pacific Site 587. 
 
4.4.8 Globoconella inflata 
The first occurrences of Globoconella inflata are riddled with large age errors 
which complicates the interpretations of this species dispersal and evolutionary history. 




southwest Pacific (Fig. 4.2H). It is possible that the species evolved from populations of 
Gc. puncticulata recorded in the Indian Ocean (Wright and Thunell, 1988). From here, 
the species occupied the southwest Pacific and spread into the Northern Hemisphere 
(northwest Pacific, North Atlantic, and northeast Pacific, in that order) and South 
Atlantic. As observed with the first occurrences of Gs. conomiozea and Gs. puncticulata, 
the dispersal of Gs. inflata across the Kuroshio Current Extension, representing ~5 
degrees of latitude, is slightly diachronous from north (Hole 1207A) to south (Hole 
1208A then 1209A). The last places this species occurs is back into the Indian Ocean and 
equatorial Pacific.  
As Gc. inflata is an extant species, it enjoys a wide geographic range as deduced 
from sediment trap and core top studies (e.g., Schiebel et al., 2017; Taylor et al., 2018). 
In fact, recent genotyping of Gc. inflata indicates this species is two: one which occupies 
more subtropical and tropical water masses, and a subpolar variant that occupies 
temperate and subpolar water masses (Morard et al., 2011). 
4.5 Revised Timing of First and Last Occurrences for the Globoconella 
4.5.1 A Revised Phylogeny for the Globoconella  
From our dataset, we have compiled a new chronostratigraphically-calibrated 
phylogenetic hypothesis for the genus Globoconella (Fig. 4.4). The phylogenetic 
hypothesis is based on the stratigraphic relationships among species and the first and last 
occurrence dates based on midpoint occurrences compiled in this study.  
 Previously published studies indicate disagreement between the phylogenetic 




by Kennett and Srinivasan (1983) indicated Globorotalia zealandica was one of the 
earliest ancestors of the genus, evolving during the middle early Miocene. According to 
this phylogenetic hypothesis, Gr. praescitula evolved, which quickly gave rise to Gr. 
zealandica. Globorotalia praescitula then gave rise to Gc. miozea, the first true 
Globoconella, all within the latter part of the early Miocene. From Gc. miozea, Gc. 
miotumida evolved at the base of the middle Miocene (Langhian Age), in which it 
experienced a period of stasis until the late Miocene, when this form gave rise to Gc. 
conomiozea, Gc. sphericomiozea, and then Gc. puncticulata and Gc. inflata in the latest 
Miocene and Pliocene. These results largely agree with the analysis of Aze et al. (2011). 
Based on the dates from their fully bifurcating morphospecies phylogeny, they also 
interpret the lineage to have evolved within the Burdigalian Age (later early Miocene), 
with the majority of speciation events occurring in the latest Miocene and Pliocene. In 
their maximum parsimony-constructed phylogeny, Norris et al. (1994) indicate that 
Globorotalia zealandica and Globorotalia praescitula are direct ancestors of the 
globoconellids, with species’ relationships largely agreeing with those presented in 
Kennett and Srinivasan (1983). The Neogene Globorotalid phylogeny of Cifelli and Scott 
(1986) also presented species’ relationships for Globoconella taxa analyzed in this study. 
They, however, placed Gr. zealandica in a different lineage than the rest of the 
globoconellids, and indicated that Gc. miozea evolved into additional forms before those 
subsequently gave rise to Gc. miotumida, Gc. puncticulata, and Gc. inflata. These 
relationships were elaborated upon but largely echoed in the phylogenetic hypotheses of 




 Our revised Globoconella phylogeny agrees best with respect to species 
relationships with that of Aze et al. (2011). Our data indicate that Gr. praescitula and Gc. 
miozea did indeed evolve in the early Miocene Burdigalian Age, as did Gc. miotumida. 
There was a period of evolutionary stasis within the genus for approximately 7 million 
years before Gc. conomiozea evolved within the mid-Tortonian Age. We also find that 
Gc. sphericomiozea evolved in the latest Miocene, Gc. puncticulata evolved near the 
Miocene/Pliocene boundary, and Gc. inflata the only species of Globoconella that 
evolved within the Pliocene (Figs. 4.2H, 4.5).  
 
4.5.2 Implications for Biostratigraphy 
Members of the genus Globoconella are commonly used in mid-latitude 
biostratigraphic zonation schemes. Namely, the first occurrences of Gc. miozea, Gc. 
conomiozea, Gc. sphericomiozea, Gc. puncticulata, and Gc. inflata have been used to 
construct late Neogene deep-sea biozones in the southwest Pacific (Kennett, 1973; 
Srinivasan and Kennett, 1981a, 1981b; Jenkins and Srinivasan, 1986) and northwest 
Pacific (Shatsky Rise; Chapter 1; Chapter 2). From these biostratigraphic schemes, it is 
apparent there is large diachroneity among the first occurrences of key globoconellid 
species within the southwest and northwest Pacific, but our study also highlights this 
diachroneity among and within other ocean basins (Figs. 4.2, 4.3).  
Unlike the tropical to subtropical Neogene biostratigraphic schemes that are 
calibrated to global datums (Wade et al., 2011), there are still mid-latitude regions of the 
world ocean that lack robust planktic foraminiferal biostratigraphic schemes. These 




robust foraminiferal age models for use in deep-sea expeditions and tuning of age 
models. From our data, it is apparent that detailed taxonomic and biostratigraphic work is 
necessary in the mid- to high-latitudes, as even within the North Atlantic, for example, 
the first occurrence of Gc. inflata is offset by hundreds of thousands of years at sites 
separated by less than 10° latitude (Fig. 4.2). Thus, paleontologists and biostratigraphers 
should take care when applying mid-latitude and subtropical zonation schemes created 
for a specific region, as these are likely to not apply to new areas. In addition, the 
challenge of applying mid-latitudinal zonal schemes is partly the consequence of 
inconsistent application of species concepts, which is particularly problematic when 
dealing with zonal marker species that are part of a continuous phylogenetic lineage like 
the Globoconella. The distinction between adjacent members of the clade are quite 
gradational, therefore leading to subjective species concepts between individual 
biostratigraphers. Planktic foraminiferal working groups were formed decades ago to 
standardize species concepts and provide accessible taxonomic dictionaries; this task is 





Figure 4.4 Phylogenetic hypotheses constructed for the Globoconella genus based on 
stratigraphic relationships among species and first and last occurrence dates from this 
study along with major climate, tectonic, and paleoceanographic events of the Neogene. 
The first occurrence of Gr. zealandica at southwest Pacific Hole 590B was not included 
in the range of this species. The first occurrence for Gr. praescitula at Tangakaka Stream, 
New Zealand, is represented by the midpoint of its occurrence at this location (19.28 Ma) 
(Figure 2, Appendix J). Horizontal bars and labels indicate major events that may have 
influenced speciation, dispersal, and extinction events within the genus. Dashed lines on 




Ocean (inferred from Nelson and Cooke, 2001, and Kennett et al., 1985). Global benthic 
foraminiferal δ18O‰ stack from Zachos et al. (2001).  
 
4.6 Oceanographic, Tectonic, and Paleoclimatic Influences on Dispersal 
Several of the recorded dispersals within this study indicate that ocean currents 
played a key role in the transportation and biogeography of planktic foraminiferal species 
across the world ocean. Throughout the Neogene, global cooling and increased latitudinal 
temperature gradients led to increased provincialism of marine plankton (Kennett, 1978). 
Abiotic factors, such as closing of ocean gateways and growth of continental ice sheets, 
may have contributed to the major Neogene radiation of planktic foraminifera (Cifelli, 
1969; Thunell, 1981; Fraass et al., 2015; Fig. 4.4). This study supports previous findings 
that Neogene currents passively carry pelagic organisms across the world ocean 
unimpeded by tectonic and hydrographic barriers, but they only establish viable 
populations where conditions are right for those species (the so-called ‘high dispersal 
model’, e.g., de Vargas et al., 1999; Norris, 2000; Sexton and Norris, 2008).  
 
4.6.1 Currents as a Means of Dispersal 
All the dispersal paths described in this analysis follow known paleo- and modern 
currents of the world ocean (Fig. 4.6). Currents that characterize ocean basins, such as 
strong western boundary currents (WBCs), weaker eastern boundary currents (EBCs), 
equatorial currents, and the Antarctic Circumpolar Current (ACC), were prominent 
means for Globoconella dispersal across the global ocean. All of these wind-driven 
currents are characterized by upwelling regions, large temperature gradients where 




Veron and Michin, 1992; Yamano et al., 2001; Tittensor et al., 2010). Our results indicate 
these major current systems and their development through the Neogene (e.g., Kennett et 
al., 1985) have played a critical role in the evolution and dispersal of plankton species 
such as the Globoconella.    
 The Antarctic Circumpolar Current (ACC) is and has been the dominant 
eastward-flowing current of the Southern Hemisphere, flowing nearly uninterrupted 
around Antarctica and creating a strong polar front (Rintoul et al., 2001). Modeling of 
early (von der Heydt and Dijkstra, 2006) and middle (Krapp and Jungclaus, 2011) 
Miocene ocean circulation indicate that the ACC has been strong at these times, with the 
strength of the current increasing as the Drake Passage and Tasman Gateway opened 
during the late Paleogene (Stickley et al. 2004; Livermore et al. 2005; Scher and Martin, 
2006; Lagabrielle et al., 2009; Sijp et al., 2011). Reconstructed paleobiogeographic 
patterns in this study indicate the ACC was an important means of Southern Hemisphere 
dispersal for the Globoconella and their ancestors. As the range of Gr. zealandica was 
largely restricted to the Southern Hemisphere, the ACC was likely its primary means of 
dispersing from the southwest Pacific and into the South Atlantic during the early 
Miocene (Fig. 4.6A). Likewise, Gr. praescitula utilized the ACC to disperse from the 
southwest Pacific into the South Atlantic during the early Miocene (Fig. 4.6B) and for 
Gc. miotumida during the middle Miocene (Fig. 4.6D). The strong connection between 
the southwest Pacific (Tasman Sea) and South Atlantic is likely due to the ACC. Gc. 
miozea first appeared in the South Atlantic but was also transported to the southwest 
Pacific by the ACC (Fig. 4.6C). The ACC continued to act as a conduit for dispersal into 




into the southwest Pacific (Gc. miotumida, Gc. sphericomiozea) or from the southwest 
Pacific into the South Atlantic (Gc. puncticulata, Gc. inflata). Interestingly, most species 
(Gr. zealandica, Gr. praescitula, Gc. miozea, and Gc. miotumida) appear first in the 
South Atlantic before establishing populations at the Southern Ocean site (Fig. 4.2). 
Other studies also support the importance of the ACC to long-distance dispersal of 
plankton and invertebrates around Antarctica and exporting them to nearby areas (e.g., 
Crame, 1999; Murray et al., 1999; Cermeño and Falkowski, 2009). 
 The western and eastern boundary currents, flowing along the west and east side 
of ocean basins, respectively, as part of the subtropical gyre systems (Fig. 1.1), are also 
apparent features that promoted long-distance dispersal of planktic foraminifera. These 
systems originate (WBCs) or terminate (EBCs) within equatorial regions, which are 
characterized by zonal westward flowing equatorial currents (Fig. 1.1). The dispersal 
patterns of the Globoconella indicate that almost all species utilized these major current 
systems to occupy higher latitudes throughout the Neogene. However, Gr. praescitula 
exhibits dispersal into the Northern Hemisphere (North Atlantic) by 18.9 Ma (Fig. 4.2B). 
This species, which may have been better adapted to deal with subtropical waters, likely 
took advantage of the Peru current and strong ACC of the middle Miocene (Krapp and 
Jungclaus, 2011). This was a time of cooling corresponding to growth of East Antarctic 
ice that increased equator to pole surface temperature gradients, leading to intensified 
surface current flow (Flower and Kennett, 1993; Holbourn et al., 2014). Globorotalia 
praescitula likely used these currents to disperse into the warm waters of a proto-Gulf 
Stream current that flowed into the high northern latitudes of the North Atlantic (Fig. 




means of dispersal was also observed in planktic foraminiferal assemblages by Thunell 
and Belyea (1982). Subsequently, Gr. praescitula occupied the North Pacific sites by 
dispersing along the proto-Kuroshio Current and Kuroshio Current Extension (Fig 4.6A). 
Globoconella miozea exhibits a dispersal path that utilized the Benguela Current off the 
western coast of Africa to disperse from the South to North Atlantic with subsequent 
dispersal into the Pacific (Fig. 4.6C).  
During the late Miocene and Pliocene, surface current strength and gyre formation 
increased due to increasing constriction of the Indonesian Throughflow, eventual closure 
of the Central American Seaway, and subsequent growth of continental ice sheets in the 
Northern Hemisphere (Kennett et al., 1985; Schneider and Schmitter, 2006; Molnar, 
2008; Chapter 3). It becomes apparent during these time intervals that dispersal patterns 
begin to slightly shift. Whereas there were strong connections among the southwest 
Pacific, equatorial Pacific, northwest and northeast Pacific during the early to middle 
Miocene, these connections break down during the late Neogene. Dispersals from the 
southwest Pacific into the equatorial Pacific are not recorded. Instead, species begin to 
disperse from southwest Pacific and or the South Atlantic directly into the northwest and 
northeast Pacific. Dispersals directly from the southwest into the North Pacific were 
likely mediated by the strong North Pacific Subtropical Gyre system, which allowed 
species to quickly and efficiently disperse into the Kuroshio Current via the North 
Equatorial Current. Alternatively, species could have dispersed from the South Atlantic 
to the equatorial Atlantic, into the Pacific Equatorial Current and then into the Kuroshio 




pattern is suggested by the dispersal histories of Gc. conomiozea, Gc. puncticulata, and 
Gc. inflata (Fig. 4.2).  
 
4.6.2 Effect of Closing Tectonic Gateways on Dispersal Patterns  
The paleogeography of the Neogene changed from the early Miocene to the 
Pliocene. During this time, the Drake Passage between South America and Antarctica 
continued to widen (Barker and Burrell, 1977; Kennett, 1977; Lawvery et al., 1992; 
Livermore et al., 2005), Indonesia Throughflow between Australia and southeast Asia 
became increasingly constricted (Kuhnt et al., 2004; Nathan and Leckie, 2009; 
Christensen et al., 2017), and the Isthmus of Panama sill shallowed to eventually close 
the Central American Seaway by ~3 Ma (reviewed in Schmidt, 2007 and Molnar, 2008; 
Montes et al., 2015). Most important to this analysis is the strong signal of dispersal 
through an open Central American Seaway through the early Pliocene. Modeling studies 
of an open CAS indicate that regardless of basin configuration (with the exception of a 
narrow configuration), surface currents flowed both from the Atlantic into the Pacific and 
from the Pacific into the Atlantic during the late Neogene (Sentman et al., 2018). 
Modeling studies of surface flow during the early Miocene indicate flow direction 
through the CAS was dominantly from the Pacific into the Atlantic (von der Heydt and 
Dijkstra, 2006). Our paleobiogeographic results support the findings of these surface 
current models, but also support the possibility of two flow directions through the CAS as 
early as the late early Miocene.  
Dispersal from the Pacific into the Atlantic via an open CAS is first evident in the 




discussed, this species likely utilized the strong ACC and Peru current to disperse into the 
Northern Hemisphere, then into the Atlantic basin via the CAS currents. In the late early 
Miocene, Gc. miozea disperses from the southwest Pacific into the North Atlantic (Fig. 
4.6C), mimicking the route taken earlier by Gr. praescitula. During the middle Miocene, 
we have interpreted a dispersal path for Gc. miozea from the equatorial Atlantic into the 
eastern equatorial Pacific (Fig. 4.6C). This dispersal path indicates that by this time, there 
was either a flow reversal through the CAS or two flow directions were present. The 
dispersal patterns of Gc. miotumida indicate this species dispersed into the equatorial 
Pacific via the ACC (shown on Fig. 4.6D in black line), or potentially could have utilized 
an open CAS to move from the Atlantic into the Pacific (shown on Fig. 4.6D as the dark 
grey line). Additional distributional data are needed to confirm which path is more 
accurate. Flow through an open Central American Seaway was also supported for the 
planktic foraminiferal genus Paragloborotalia kugleri around the Oligocene-Miocene 
Transition, which utilized the CAS currents to disperse from the Pacific into the Atlantic, 
with westward flow occurring during the Oligocene-Miocene transition (Fraass et al., in 
press). Additional paleobiogeographic studies utilizing pelagic organisms could further 
help constrain flow behavior through the CAS on geologic timescales.  
We do not recognize a dispersal through the CAS for the late Miocene to Pliocene 
species Gc. conomiozea (Fig. 4.6E), Gc. sphericomiozea, Gc. puncticulata, or Gc. inflata. 
This may indicate that although the CAS may have remained open at this time, the spin-
up and intensification of ocean gyre systems were more efficient at moving plankton 
from one ocean basin into another with aid from the ACC and direct movement from the 




inflata likely moved from the southwest Pacific into the Northwest Pacific via the North 
Equatorial Current and Kuroshio Current). 
4.6.3 Effect of Glacial and Interglacial Periods on Globoconella Evolution and 
Dispersal  
Species of the genus Globoconella genus have been subjected to previous 
paleobiogeographic analyses in the late Neogene, utilizing species abundance counts to 
determine range shifts during growth of Northern Hemisphere ice and glacial-interglacial 
cycles (Chapman et al., 1998; Scott et a., 2007). Our paleobiogeographical data are 
limited in that we only obtain the first and last occurrences of species in the absence of 
valuable abundance data, but our findings do corroborate earlier studies about the 
influence of ice growth and a cooling Earth on globoconellid dispersal patterns.  
 Chapman et al. (1998) conducted a study on North Atlantic sites using Gc. inflata 
and Gc. puncticulata from 3-2 Ma. They found that the extinction of Gc. puncticulata 
from the North Atlantic happened diachronously, from the highest latitude sites to the 
lowest. Our data corroborate this finding (Fig. 4.2G), as this species disappears first at 
North Atlantic Site 609 at 2.302 Ma, then at Site 608 at 1.735 Ma. The dates of extinction 
in our study, however, are different from those presented in Chapman et al. (1998), as 
their data indicate Gc. puncticulata went extinct from the North Atlantic high latitude site 
to the equatorial Atlantic within 0.015 Ma. Our data also indicate that Gc. puncticulata 
disappeared from the South Atlantic to the equatorial Atlantic (Figs. 4.3, 4.5). Thus, in 
the Atlantic Ocean, this species experiences range contraction from the high latitudes to 
the low latitudes but persists longest in the high latitudes of the Pacific and Southern 




correlated to glacial or interglacial periods (Fig. 4.5), which may indicate that warming 
and cooling periods of the past 3 million years did not severely affect Gc. puncticulata. 
However, abundance data do signify a decline in this species’ populations during glacial 
stages (Chapman et al., 1998; Scott et al., 2007). We suggest further constraints on the 
timing of first and last occurrences of Gc. puncticulata should be obtained before 
inferring if glacial or interglacial periods, or local abiotic factors, ultimately led to the 
demise of this species.  
Our study results disagree with the findings of Chapman et al. (1998), in which 
they state that Gc. inflata dispersed into the equatorial Atlantic from the South Atlantic. 
Our data instead suggest that Gc. inflata likely first appeared in the equatorial Atlantic, 
then dispersed into the South then North Atlantic (Fig. 4.2H). Thus, in the Atlantic 
Ocean, the evolutionary first appearances of Gc. inflata exhibit range expansion opposite 
that of its direct ancestor, Gc. puncticulata. Global evolutionary first appearance of Gc. 
inflata do not seem to occur preferentially within glacial or interglacial periods of the late 
Pliocene to Pleistocene. However, all first appearances of this species in the Atlantic 
Ocean occur during interglacial periods (Fig. 4.6). This is corroborated by other studies 
(Chapman et al. 1998) that indicate at marine isotope stage 78 (an interglacial), Gc. 
inflata becomes widespread in the North Atlantic. Therefore, warmer periods may be 
more beneficial to dispersal for some planktic foraminifera, but others may benefit from 





Figure 4.5 Evolution and extinction events of Gc. inflata and Gc. puncticulata, 
respectively, plotted against glacial and interglacial cycles of the latest Pliocene to 
Quaternary. Evolution and extinction events seem to occur equally during glacial and 
interglacial periods, indicating that warming and cooling cycles had no large effect on the 
timing of evolution or extinction events within the globoconellids. Benthic foraminiferal 




4.7 Evolutionary Drivers of the Globoconella  
Several drivers of evolution have been proposed for the planktic foraminifera, 
including differential timing of reproduction or depth habitats as a means to exploit new 
niche space (Schneider and Kennett, 1996; Schneider and Kennett, 1999), parapatric 
speciation by means of partitioning via subpolar water masses (Morard et al., 2011), and 
speciation by adaptations to particular hydrographic conditions (Wei, 1994; de Vargas et 
al., 1999). Genetic connectivity among bi-polar populations of planktic foraminifera has 
been confirmed using molecular studies, and it has been hypothesized that gene flow 
across tropical and subtropical regions is maintained via cooler-water equatorial 
upwelling zones (Darling et al., 2000; Norris and de Vargas, 2000). This study adds 
additional data to the patterns and processes of speciation within the Globoconella 
planktic foraminiferal clade.  
 
4.7.1 Upwelling Zones as Stepping Stones Across Equatorial Regions 
The use of stepping stones, whether shallow carbonate platforms in deep ocean 
basins for marine invertebrates, upwelling zones in equatorial regions for pelagic species, 
or island chains for terrestrial flora and fauna, are commonly used to explain species 
dispersal and evolution through geologic time (e.g., Winkworth et al., 2002; Matzke, 
2014; Lam and Stigall, 2015; Lam et al., 2018; Bauer, 2019; Congreve et al., 2019; 
Sheffield et al., 2019). Areas that act as stepping stones are a way for organisms to 
expand their ranges via long-distance dispersals and increase population connectivity 
(Heads, 2012; Saura et al., 2013). Often, this leads to the establishment of new 




II speciation; Paulay and Meyer [2002]; Templeton [2008]; Wiley [1981], Maguire and 
Stigall [2008]), but it can also act as a means for populations to expand their ranges in the 
absence of speciation. Recently, the latter case has been recorded for species of marine 
plankton (e.g., Hasle, 1976; Montresor et al., 2003), including planktic foraminifera.  
 Genetic evidence of Antarctic and Arctic populations of planktic foraminifera has 
revealed recent gene flow across equatorial regions (Darling et al., 2000). But the 
question remains as to how this occurs, especially for species that have subpolar 
temperature preferences? One mechanism to explain genetic connectivity among bipolar 
populations is that species use equatorial and coastal upwelling zones as stepping stones 
to move across tropical and subtropical waters (Darling et al., 2000) possibly during 
glacial times when equatorial waters contract and upwelling intensifies (Norris and de 
Vargas, 2000). Our fossil data provides evidence that indeed, planktic foraminifera did 
use cool-water equatorial and seasonal coastal upwelling sites as stepping stones to high-
latitude dispersal, and this did occur during a time of Antarctic ice expansion and global 
cooling. 
 The use of equatorial upwelling stepping stones is recorded in the dispersal 
history of Gc. praescitula and Gc. miozea during the middle Miocene. Globorotalia 
praescitula appears in the eastern equatorial Pacific at 14.1 Ma, disappears from this 
location at 13.62 ± 0.52 Ma, then occurs in the northwest Pacific at 13.39 ± 0.28 Ma and 
northeast Pacific at 12.89 ± 0.01 Ma (Fig. 4.6B). In short, Gr. praescitula temporarily 
inhabits the eastern equatorial upwelling region to disperse into the Northern Hemisphere 
mid-latitudes. This event occurs during an interval of major East Antarctic Ice Sheet 




and between 13.84 and 13.76 Ma, during the mid-Miocene Climatic Transition (MMCT) 
and following the Miocene Climatic Optimum (Shevenell et al., 2004; Shevenell et al., 
2008; Holbourn et al., 2014), the latter was a time (~17.5 to 14.5 Ma) when surface 
temperatures were about 3°C warmer than present (You et al., 2009). Upwelling, 
increased primary productivity, and cooling surface waters in the eastern equatorial 
Pacific are supported by increases in opal accumulation, decreases in benthic 
foraminiferal δ13C, increased sedimentation rates, and alkenone-derived sea surface 
temperatures (Rousselle et al., 2013; Holbourn et al., 2014). 
Similarly, Gc. miozea disperses into the western equatorial Pacific at 16.35 ± 0.17 
Ma and stays there for ~2.57 Ma before dispersing into the northwest Pacific at 13.78 ± 
0.11 Ma and the northeast Pacific at 13.51 ± 0.51 Ma (Fig. 4.6C). The timing of dispersal 
into the North Pacific also coincides with the MMCT. Interestingly, this interval also 
relates to a period of thermocline cooling in the western equatorial Pacific (Gasperi and 
Kennett, 1993). Therefore, we find that in addition to taking advantage of upwelling 
zones, deep-dwelling planktic foraminiferal species, such as the Globoconella, also took 
advantage of cooling thermoclines as stepping stones to dispersal across equatorial 
regions.  
As for species that live in higher latitude areas, such as morphospecies used in the 
Darling et al. (2000) study, we propose that mid-latitude western boundary currents and 
their associated ecotones, which are sites of intense upwelling, were used as stepping 
stones between the subtropics and the subpolar regions. Because Antarctic and Arctic 
morphotypes of planktic foraminifera species (e.g., Neogloboquadrina pachyderma) 




data alone. Therefore, additional genetic studies may have the potential to confirm if 






Figure 4.6 Dispersal paths of Globorotalia zealandica (A), Globorotalia praescitula (B), 
Globoconella miozea (C), Globoconella miotumida (D), and Globoconella conomiozea 
(E) against a map showing modern annual average sea surface temperatures (Locarnini et 
al., 2013) and major ocean currents. The times (midpoints, in millions of years, Ma) at 
which each species appears at each site is indicated. Times with an asterisk indicate 
unobserved first occurrences, and therefore should be viewed with caution. The heavy 
gray line in B indicates a possible dispersal route that cannot be confirmed due to an 
unobserved true first occurrence datum for Site 959 (Fig. 4.2), and in D indicates an 
alternative route through the open CAS. Evidence within the dataset of planktic 
foraminifera using upwelling and deep, cool thermocline waters as stepping stones to 
dispersal is apparent in the paths from (B) Hole 572D in the eastern equatorial Pacific to 
Hole 806B with subsequent dispersal into the North Pacific, and in (C) from dispersal in 
the Southwest Pacific or eastern equatorial Pacific to Hole 806B to the North Pacific. 
 
4.7.2 Speciation with the Globoconellids  
Speciation within Globoconella has been extensively studied by previous authors, 




masses that provide a natural experiment to test the effect of hydrographic variables on 
the creation of new species. Our dataset provides new insight into potential speciation 
processes within the Globoconella clade.  
 Morphological studies on test size and shape of globoconellid species have been 
one means for which to interpret the drivers of evolution within the genus. Malmgren and 
Kennett’s (1981) morphometric analysis of late Miocene to Pliocene species indicated 
that evolution occurred dominantly through phyletic gradualism. Wei’s (1994) size study 
of Gc. puncticulata and Gc. inflata found similar results, indicating that the ancestor 
became more rounded through time in response to cooling surface waters and water 
column stratification. In contrast, evidence of punctuated equilibrium was found in the 
evolution of Gc. conomiozea to Gc. pliozea, a flattened globoconellid form identified in 
the southwest Pacific, but was accompanied by gradualism within the clade (Wei and 
Kennett, 1988). However, morphological data combined with morphometric studies have 
revealed that anagenesis can obscure cladogenesis (Norris et al., 1996; Norris, 2000), thus 
the conclusions reached from morphometric studies should be approached with 
apprehension.  
Depth segregation and or seasonal and vertical clines in the water column have 
been invoked to explain evolution within the Globoconella genus. Norris et al. (1994) 
used stable isotopic values (δ18O) from different species to test if ancestors occupied 
different water depths than their descendants at subtropical Atlantic DSDP Site 516, with 
no appreciable offsets found. However, Schneider and Kennett’s (1996, 1999) isotopic 
analysis of globoconellid species found small but consistent δ18O offsets among species 




parapatric and depth-allopatric models for speciation, where the latter would invoke 
vicariance by means of water temperatures. Wei and Kennett (1988) also proposed a 
means of open-marine vicariance, where development of the Tasman Front in the 
southwest Pacific shut off gene exchange across the water mass boundaries, thus leading 
to speciation.  
 Although our data cannot speak to depth-parapatric or depth-allopatric models, 
we can comment on the importance of water mass boundaries through the Neogene as a 
means to dispersal and provide an additional means by which the globoconellids and their 
ancestors evolved. With our new and updated age models for the southwest Pacific sites, 
we do not find evidence for speciation across the Tasman Front during the Miocene-
Pliocene boundary transition (Appendix M), as proposed by Wei and Kennett (1988). 
Granted, the aforementioned study implemented subspecies (e.g., Gc. conomiozea 
terminalis, Gc. pliozea) that we did not recognize in our study due to their very limited 
range with the southwest Pacific (e.g., Gc. conomiozea terminalis, Wei, 1987) or because 
we suspect they are more closely related to Globorotalia than Globoconella (e.g., 
Globoconella pliozea). Thus, the idea that the Tasman Front and strong water mass 
boundaries leads to speciation of open-marine pelagic organisms begs further rigorous 
investigations.  
We do, however, propose that the globoconellids may record parapatric 
speciation, either with or without depth or seasonal parapatry. For example, the first 
occurrence of Gc. miozea occur in the South Atlantic Site 516, shortly after its ancestor 
Gr. praescitula appears at this site (Figs. 4.2, 4.4). Isotopic studies conducted on these 




differences or parapatry by depth or seasonal changes. Although the isotopic studies of 
Schneider and Kennett (1996, 1999) did not include Gr. praescitula and Gc. miozea, we 
propose paleoecological stable isotopic studies of these species may also lend support to 
depth-parapatric models of speciation within the clade.  
 The globoconellids may also have utilized allopatric speciation (dispersal), likely 
in the absence of complete gene shutoff (Norris, 2000), as a means to establish 
populations in addition to the other modes of evolution discussed above. This is evident 
in the evolutionary first occurrences of Gc. miotumida. The first occurrence of Gc. 
miotumida occurs within the Indian Ocean where it is a dominant component of middle 
and late Miocene assemblages (Boltovskoy, 1974), outside the recorded range of its 
ancestor, Gc. miozea (Fig. 4.2C).  
 Thus, our data support that members of the Globoconella genus and its immediate 
ancestors likely underwent speciation via parapatry, depth and seasonal parapatry, and 
dispersal. We question if vicariance by water mass boundaries was a mode of speciation, 
as this is yet to be tested within a more rigorous phylogenetic, taxonomic, and 
biostratigraphic framework.  
 
4.8 Plankton Dispersal in a Warming World 
From our analyses, we determined that only after global temperatures dropped 
significantly with the growth of the East Antarctic Ice Sheet during the MMCT did the 
globoconellids and their ancestors obtain a global presence. This was achieved by 
utilizing equatorial and coastal upwelling zones and cooling thermoclines to disperse 




plankton that have cooler-water tolerances will become more limited. Global average 
temperatures are expected to rise close to those recorded for the Miocene Climatic 
Optimum (~3°C; You et al., 2009) under ‘business as usual’ scenarios where we do not 
mitigate carbon dioxide emissions (IPCC, 2018). Even today, meridional overturning 
circulation has been slowing down since the 1970’s in both the Pacific and Atlantic 
oceans, leading to decreased upwelling in equatorial regions and increased sea surface 
temperatures (McPhaden and Zhang, 2002; Rahmstorf et al., 2015). With few exceptions, 
many areas in the ocean are experiencing warming (Hansen et al., 2006; Rayner et al., 
2006) as well as increased acidification due to rising atmospheric carbon dioxide taken 
up by the surface ocean (Orr et al., 2005). Our data add to the growing literature that 
indicate a slow-down of surface ocean circulation will likely lead to the decreased ability 
for marine organisms to disperse long-distances and depress population connectivity 
across ocean basins via strong current and gyre systems (e.g., Munday et al., 2009; Lett et 
al., 2010; Simpson et al., 2011; Kleypas, 2015).  
 Several species of Globoconella have previously been shown to speciate through 
depth parapatry, with descendant species occupying different levels in the water column 
than their ancestors or through differences in reproductive timing (Schneider and 
Kennett, 1996; Schneider and Kennett, 1999). With increased warming of our ocean 
comes increased stratification, or an increase in the vertical thermal gradients in the 
surface ocean (Coma et al., 2009). Modeling studies have identified increased 
stratification could lead to a 10% global reduction in other plankton groups, which could 
decrease the efficiency of the ocean and marine realm to take up carbon dioxide (Bopp et 




observed to enhance some plankton communities (Kemp and Villareal, 2013). Studies 
looking specifically at planktic foraminifera community and species’ response to 
increased anthropogenically-induced stratification are lacking, so we suggest further 
analyses be conducted before we fully understand if this phenomenon will have a 
negative effect on temperate-dwelling pelagic species.  
 Lastly, our data and those from previous studies indicate that the glacial and 
interglacial cycles that characterize the Pleistocene, as far as we can tell, did not lead to 
the immediate demise of Globoconella species. This may indicate that fluctuations in sea 
surface temperatures, circulation, and stratification during glacial to interglacial periods 
did not adversely affect marine plankton, but rather led to the expansion and contraction 
of species’ ranges during cooling and warming (e.g., Chapman et al., 1998). Over the past 
1400 years, the number of planktic foraminiferal species with tropical to subtropical 
temperature preferences have increased within the California Current, whereas temperate 
to subpolar species have been in decline in this region due to warming and increased 
stratification (Field et al., 2006). This study, along with our data showing that 
establishment of viable populations was not accomplished on a global scale until major 
global cooling, indicate that plankton species with temperate water tolerances, like the 
Globoconella, become adversely affected under large warming trends, such as those 
predicted for the coming decades. Thus, it is of vital importance that we consider the 
effect of anthropogenically-induced warming of our oceans on phytoplankton, which 
make up much of the base of the marine food chain. Their presence and importance to 
our oceans is enormous, and if mid-latitude species begin to fall into decline, this could 




4.9 Conclusions  
A paleobiogeographic analysis of the Globoconella and their ancestors was 
conducted to investigate the importance of ocean currents in long-distance pelagic 
dispersal and how major climate shifts affected dispersal patterns, and if plankton with 
bipolar distributions utilize equatorial and coastal cool-water upwelling zones as 
‘stepping stones’ to disperse across warm water regions. To do this, we downloaded 
species occurrences from the Neptune Database (Lazarus, 1994) and did a literature 
search for other deep-sea sites that have recorded occurrences of globoconellid species. 
We updated approximately 30 age models for sites to the Geologic Time Scale 2012 ages 
(Hilgen et al., 2012) for comparison. Major findings of this study include: 
• There were two major pulses of evolution within the globoconellids; one during 
the early Miocene Burdigalian Stage and another more protracted pulse during the 
late Miocene to Pliocene.  
• First and last occurrences of globoconellid species were highly diachronous 
within and among ocean basins, meaning that biostratigraphic zonation schemes 
based on Globoconella species should be regional and not global.  
• Reconstructed dispersal paths indicate that the Antarctic Circumpolar Current was 
the main mechanism for which species dispersed to areas in the Southern 
Hemisphere.  
• Global cooling during the mid-Miocene Climatic Transition (MMCT) led species 
to utilize gyre systems and currents to disperse into the Northern Hemisphere. 
• Globorotalia praescitula and Globoconella miozea both utilized eastern 




Gc. miozea also utilized the cooling thermocline in the western equatorial Pacific 
to achieve long-distance dispersal. These dispersal events occur during a time of 
major global cooling due to growth of the East Antarctic Ice Sheet.   
• There are several reconstructed paths that support surface ocean circulation 
models indicating two flow directions through the Central American Seaway. 
Species utilized both currents to move between the Pacific and Atlantic oceans 
until the mid-Pliocene.  
• During glacial cycles, species experienced range contraction in the Atlantic Ocean 
from the high to low latitudes. Range expansion during this time occurred from 
the low to high latitudes, with species living longest in the high latitudes of the 
Pacific and Southern Ocean.  
• Our data indicate that in addition to depth and seasonal parapatry, the 
globoconellids likely could have utilized parapatry in the absence of depth or 
seasonal separation. This hypothesis remains to be tested.  
Our findings indicate that temperate-water species, such as the globoconellids, were 
not severely affected by the glacial-interglacial cycles of the Pleistocene but may be 
adversely affected by larger increases in temperature, such as that predicted in the coming 
decades, as a barrier to long-distance to dispersal and speciation. 
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HOLE 1209A AGE MODEL 
Magnetic reversal boundaries at Ocean Drilling Program Hole 1209A as reported 
by Evans (2006), which have been updated to the Geologic Time Scale 2012 ages of 
Hilgen et al. (2012). mcd= meters composite depth; T= top of chron/subchron, B= base of 
chron/subchron.  
 
Chron Age (Ma) 1209A Depth (mcd) 
T C1n 0 0.00 
B C1n 0.781 11.28 
T C1r.1n 0.988 13.32 
B C1r.1n 1.072 14.22 
T C2n 1.778 25.28 
B C2n 1.945 28.21 
T C2An.1n 2.581 37.69 
B C2An.1n 3.032 49.43 
T C2An.3n 3.330 52.34 
B C2An.3n 3.596 58.03 
T C3n.1n 4.187 66.22 
B C3n.1n 4.300 68.23 
T C3n.3n 4.799 73.24 
B C3n.3n 4.896 74.08 
T C3n.4n 4.997 75.59 
B C3n.4n 5.235 78.76 
T C3An.1n 6.033 82.94 
B C3An.1n 6.252 84.95 
T C3An.2n 6.436 86.12 
B C3An.2n 6.733 90.13 
T C3Bn 7.140 93.81 








HOLE 1209A PLANKTIC FORAMINIFERAL BIOSTRATIGRAPHY 
 
The following table contains the ranges of planktic foraminiferal species 
identified at Ocean Drilling Program Hole 1209A against sample identifier, the midpoint 
depth of the sample, the age of each sample calculated using the age model in Appendix 
A, and the biozones defined in Chapter 1. Primary marker species used to construct 
biozones are highlighted in light blue. Relative abundance of each species in each sample 
is indicated as follows: R, rare (<1%); F, few (1-5%); C, common (5-10%); A, abundant 
(10-30%); and D, dominant (>30%). m indicates older specimens that are mixed into 














































































































































































































































































198 1209A 1H-1, 27-29 0.27 0.019 R F R R F R m C
198 1209A 1H-1, 77-79 0.78 0.054 R F R R F R
198 1209A 1H-1, 127-129 1.27 0.088 R C C ? F R C
198 1209A 1H-2, 127-129 2.77 0.192 C C R R F
198 1209A 1H-3, 127-129 4.27 0.296 R C R R F C
198 1209A 1H-4, 27-29 4.77 0.330 R R R R R R
198 1209A 1H-4, 77-79 5.28 0.366 R C A ? R F F A
198 1209A 1H-4, 127-129 5.77 0.400 R C R R m C
198 1209A 1H-5, 27-29 6.27 0.434 F R R F
198 1209A 1H-5, 77-79 6.77 0.469 R F R R R C
198 1209A 1H-6, 77-79 7.77 0.538 C R
198 1209A 1H-CC 7.89 0.546 R C C R R F
198 1209A 2H-1, 27-29 8.47 0.586 R R R C F R F R
198 1209A 2H-1, 77-79 8.98 0.622 C F ? R R F
198 1209A 2H-1, 127-129 9.47 0.656 R C F R F R
198 1209A 2H-2, 27-29 9.97 0.690 R A R R R F R R
198 1209A 2H-2, 77-79 10.47 0.725 R A R F R F
198 1209A 2H-3, 27-29 11.47 0.800 R C R R R R F R
198 1209A 2H-4, 77-79 13.48 1.003 R C R R F C
198 1209A 2H-5, 127-129 15.47 1.152 R C C R R F
198 1209A 2H-6, 27-29 15.97 1.184 R R C F F F F















































































































































































































































































198 1209A 2H-6, 127-129 16.97 1.248 R R R C F R F
198 1209A 2H-CC 17.70 1.294 R A R F
198 1209A 3H-1, 27-29 17.97 1.311 F R F
198 1209A 3H-1, 77-79 18.48 1.344 ? R C F R R R D F
198 1209A 3H-2, 77-79 19.97 1.439 C R F
198 1209A 3H-2, 127-129 20.47 1.471 A R F C
198 1209A 3H-3, 77-79 21.47 1.535 ? C F F
198 1209A 3H-3, 127-129 21.97 1.567 R F F R R R R
198 1209A 3H-4, 127-129 22.47 1.599 R R F C
198 1209A 3H-5, 127-129 24.97 1.758 R C F R C m
198 1209A 3H-7, 27-29 26.97 1.874 R F F R F C
198 1209A 3H-CC 27.17 1.886 F C C ? R R C
198 1209A 4H-1, 27-29 27.47 1.903 R C F R R ? A
198 1209A 4H-1, 77-79 27.98 1.932 R C R R R R F
198 1209A 4H-4, 77-79 32.48 2.231 R R A C C R R C
198 1209A 4H-CC 36.67 2.513 R A R R ? ? R R F
198 1209A 5H-1, 77-79 37.48 2.567 C C R R C ?
198 1209A 5H-4, 79-81 42.00 2.747 R F C R R R C R ?
198 1209A 5H-6, 127-129 45.47 2.880 R C F R A ?
198 1209A 5H-CC 46.21 2.908 R F F F F
198 1209A 6H-1, 27-29 46.47 2.918 R F R R R F F C R
















































































































































































































































































198 1209A 6H-1, 127-129 47.47 2.957 R F F ?
198 1209A 6H-2, 127-129 48.97 3.014 R R C C F
198 1209A 6H-2, 145-147 49.2 3.022 R F R C R R
198 1209A 6H-3, 15-17 49.4 3.029 F A F
198 1209A 6H-3, 77-79 49.97 3.087 F R C F R R R R C
198 1209A 6H-4, 27-29 50.97 3.190 F R R
198 1209A 6H-4, 77-79 51.48 3.242 R R R F R R R C F
198 1209A 6H-4, 105-107 51.8 3.271 F R R R
198 1209A 6H-4, 127-129 51.97 3.292 R C F R R R F
198 1209A 6H-5, 77-79 52.97 3.359 R F R C F R R R R
198 1209A 6H-6, 27-29 53.97 3.406 F C C F R R C
198 1209A 6H-6, 127-129 54.97 3.453 R A R C R R F R R F
198 1209A 6H-CC 55.84 3.494 R C F? A F F R R R R F
198 1209A 7H-1, 27-29 55.97 3.500 F C C R R R F
198 1209A 7H-1, 76-78 56.47 3.523 R R C R R C R
198 1209A 7H-1, 127-129 56.97 3.546 R C R R R R C F
198 1209A 7H-2, 27-29 57.47 3.570 R R C R R R R R
198 1209A 7H-2, 127-129 58.47 3.628 R F R R R R R
198 1209A 7H-4, 77-79 60.98 3.809 R R F R ? R A R
198 1209A 7H-4, 127-129 61.47 3.844 ? R R F
198 1209A 7H-5, 27-29 61.97 3.880 F R C R




































































































































































































































































































198 1209A 7H-6, 127-129 64.47 4.061 R C ? R R F ?
198 1209A 7H-7, 27-29 64.97 4.097 R C R R R F
198 1209A 7H-CC 65.31 4.121 F F R R
198 1209A 8H-1, 77-79 65.98 4.170 R C F R R C R
198 1209A 8H-1, 127-129 66.47 4.201 F R R F
198 1209A 8H-2, 27-29 66.97 4.229 R R F R R
198 1209A 8H-3, 27-29 68.47 4.324 R R
198 1209A 8H-3, 60-62 68.8 4.358 F R F
198 1209A 8H-3, 127-129 69.47 4.424 F R F R F
198 1209A 8H-4, 77-79 70.48 4.524 R C R R R R R C
198 1209A 8H-CC 74.88 4.950 C F R F R F
198 1209A 9H-1, 78-80 75.49 4.990 R F F
198 1209A 9H-2, 127-129 77.48 5.139 R ? F F
198 1209A 9H-4, 78-80 79.99 5.470 R F R R F
198 1209A 9H-CC 84.41 6.193 C R F R R
198 1209A 10H-1, 27-29 84.47 6.200 R
198 1209A 10H-1, 77-79 84.98 6.257 F R R A
198 1209A 10H-1, 127-129 85.47 6.334
198 1209A 10H-2, 27-29 85.97 6.412 A R R
198 1209A 10H-2, 127-129 86.97 6.499 R R R
198 1209A 10H-3, 27-29 87.47 6.536 R C R R

























































































































































































































































































198 1209A 10H-4, 77-79 89.48 6.685 m
io
R R C R C
198 1209A 10H-5, 77-79 90.97 6.826 C F C
198 1209A 10H-6, 77-79 92.47 6.992 R F A R C
198 1209A 10H-CC 93.85 7.141 F C R R C


















































































































































































































































198 1209A 1H-1, 27-29 0.27 0.019 R F R C F A R D
198 1209A 1H-1, 77-79 0.78 0.054 A R D ? F A
198 1209A 1H-1, 127-129 1.27 0.088 R F F F D ? D
198 1209A 1H-2, 127-129 2.77 0.192 C F F D D
198 1209A 1H-3, 127-129 4.27 0.296 R F R A A
198 1209A 1H-4, 27-29 4.77 0.330 F F D F C
198 1209A 1H-4, 77-79 5.28 0.366 R F R C R A ? A
198 1209A 1H-4, 127-129 5.77 0.400 F R ? A D
198 1209A 1H-5, 27-29 6.27 0.434 C F A A
198 1209A 1H-5, 77-79 6.77 0.469 C m F A A
198 1209A 1H-6, 77-79 7.77 0.538 R A D
198 1209A 1H-CC 7.89 0.546 ? R R F F D F A
198 1209A 2H-1, 27-29 8.47 0.586 F R C D
198 1209A 2H-1, 77-79 8.98 0.622 R ? F F C A F A
198 1209A 2H-1, 127-129 9.47 0.656 F R C A F
198 1209A 2H-2, 27-29 9.97 0.690 F R F A C
198 1209A 2H-2, 77-79 10.47 0.725 R F F R C
198 1209A 2H-3, 27-29 11.47 0.800 F F D F
198 1209A 2H-4, 77-79 13.48 1.003 R R R D F D
198 1209A 2H-5, 127-129 15.47 1.152 F F F D R A
198 1209A 2H-6, 27-29 15.97 1.184 F R R R D C




























































































































































































































































198 1209A 2H-6, 127-129 16.97 1.248 F R F D C
198 1209A 2H-CC 17.70 1.294 R F R D F D
198 1209A 3H-1, 27-29 17.97 1.311 R C D A
198 1209A 3H-1, 77-79 18.48 1.344 R R R R F D D
198 1209A 3H-2, 77-79 19.97 1.439 R F R R F D D
198 1209A 3H-2, 127-129 20.47 1.471 F F C C
198 1209A 3H-3, 77-79 21.47 1.535 R F R R A A
198 1209A 3H-3, 127-129 21.97 1.567 R R D A
198 1209A 3H-4, 127-129 22.47 1.599 R R F R F D F
198 1209A 3H-5, 127-129 24.97 1.758 F F F D C
198 1209A 3H-7, 27-29 26.97 1.874 R F R F F D A
198 1209A 3H-CC 27.17 1.886 R F R F F D R
198 1209A 4H-1, 27-29 27.47 1.903 R F R F D D
198 1209A 4H-1, 77-79 27.98 1.932 R R F D A c.f.
198 1209A 4H-4, 77-79 32.48 2.231 F F R R R D F
198 1209A 4H-CC 36.67 2.513 R F F R R R D C
198 1209A 5H-1, 77-79 37.48 2.567 R F F R F R D
198 1209A 5H-4, 79-81 42.00 2.747 F R R R D R
198 1209A 5H-6, 127-129 45.47 2.880 R C F R R R D F
198 1209A 5H-CC 46.21 2.908 F F F D C
198 1209A 6H-1, 27-29 46.47 2.918 F R R C D R






























































































































































































































































198 1209A 6H-1, 127-129 47.47 2.957 F R R D C R
198 1209A 6H-2, 127-129 48.97 3.014 R R F R F F A C
198 1209A 6H-2, 145-147 49.2 3.022 F F R D R
198 1209A 6H-3, 15-17 49.4 3.029 A F R D
198 1209A 6H-3, 77-79 49.97 3.087 F F F R F C D R
198 1209A 6H-4, 27-29 50.97 3.190 F R F R R R D C
198 1209A 6H-4, 77-79 51.48 3.242 R R R R R R F D C
198 1209A 6H-4, 105-107 51.8 3.271 F F R R F D
198 1209A 6H-4, 127-129 51.97 3.292 F F R F D R C
198 1209A 6H-5, 77-79 52.97 3.359 R F R F R D F C
198 1209A 6H-6, 27-29 53.97 3.406 C R F F R D F
198 1209A 6H-6, 127-129 54.97 3.453 R F R F F D
198 1209A 6H-CC 55.84 3.494 R R R R R C F D R C
198 1209A 7H-1, 27-29 55.97 3.500 F R F R R F D F C
198 1209A 7H-1, 76-78 56.47 3.523 F C R R F C D C
198 1209A 7H-1, 127-129 56.97 3.546 R F C F F C C
198 1209A 7H-2, 27-29 57.47 3.570 C F R F F R F C C
198 1209A 7H-2, 127-129 58.47 3.628 F F R R F R D A C
198 1209A 7H-4, 77-79 60.98 3.809 C F C R R F R A D A
198 1209A 7H-4, 127-129 61.47 3.844 C F R R R F A C
198 1209A 7H-5, 27-29 61.97 3.880 F F R R F C C C

















































































































































































































































































198 1209A 7H-6, 127-129 64.47 4.061 R c.f. C F F R F C D C
198 1209A 7H-7, 27-29 64.97 4.097 R F F F R F C D
198 1209A 7H-CC 65.31 4.121 C C F C D D
198 1209A 8H-1, 77-79 65.98 4.170 R C F R F C C D
198 1209A 8H-1, 127-129 66.47 4.201 C F C F A C
198 1209A 8H-2, 27-29 66.97 4.229 R C F F C C C A
198 1209A 8H-3, 27-29 68.47 4.324 F C C R F A F C
198 1209A 8H-3, 60-62 68.8 4.358 C C C D R
198 1209A 8H-3, 127-129 69.47 4.424 R C R R D C
198 1209A 8H-4, 77-79 70.48 4.524 F C C F R F R D
198 1209A 8H-CC 74.88 4.950 ? C C C R R C D F
198 1209A 9H-1, 78-80 75.49 4.990 C C C R A
198 1209A 9H-2, 127-129 77.48 5.139 A D F F R F R
198 1209A 9H-4, 78-80 79.99 5.470 C C C R F F D
198 1209A 9H-CC 84.41 6.193 C C F R C C
198 1209A 10H-1, 27-29 84.47 6.200 R C A R C C
198 1209A 10H-1, 77-79 84.98 6.257 R A A D C C R F C R
198 1209A 10H-1, 127-129 85.47 6.334 ? A D R C C
198 1209A 10H-2, 27-29 85.97 6.412 R? A D C A F R
198 1209A 10H-2, 127-129 86.97 6.499 R? A D F C F C
198 1209A 10H-3, 27-29 87.47 6.536 A D C A D




















































































































































































































































































198 1209A 10H-4, 77-79 89.48 6.685 m
io
F F D C C R F C C
198 1209A 10H-5, 77-79 90.97 6.826 C A D F F R A
198 1209A 10H-6, 77-79 92.47 6.992 A D R R R R R R
198 1209A 10H-CC 93.85 7.141 F D C R F F C F R






























































































































































































































































































198 1209A 1H-1, 27-29 0.27 0.019 m R R C F m C R ? A ? C R R
198 1209A 1H-1, 77-79 0.78 0.054 R R R R R R R
198 1209A 1H-1, 127-129 1.27 0.088 m F R F R C R C A F R
198 1209A 1H-2, 127-129 2.77 0.192 F R F R F R C D R R
198 1209A 1H-3, 127-129 4.27 0.296 R C R R R F R F D R R
198 1209A 1H-4, 27-29 4.77 0.330 m F R C R F F R F F D R R
198 1209A 1H-4, 77-79 5.28 0.366 ? R R F F F F D F F
198 1209A 1H-4, 127-129 5.77 0.400 ? ? R R R C D R
198 1209A 1H-5, 27-29 6.27 0.434 ? R F R F C F C D R
198 1209A 1H-5, 77-79 6.77 0.469 R R R R R C C R F C D R R
198 1209A 1H-6, 77-79 7.77 0.538 R ? C F R
198 1209A 1H-CC 7.89 0.546 C R R R F F R F A F F
198 1209A 2H-1, 27-29 8.47 0.586 ? ? F R F ? F F F ? A R R
198 1209A 2H-1, 77-79 8.98 0.622 C R R R A D F R
198 1209A 2H-1, 127-129 9.47 0.656 R R F F F F ? F R F F C D F F
198 1209A 2H-2, 27-29 9.97 0.690 C F F ? R R R F C D R
198 1209A 2H-2, 77-79 10.47 0.725 F F R F A R
198 1209A 2H-3, 27-29 11.47 0.800 C F F R F F A C R
198 1209A 2H-4, 77-79 13.48 1.003 ? R R R F R R R D R
198 1209A 2H-5, 127-129 15.47 1.152 R R R R R R D R
198 1209A 2H-6, 27-29 15.97 1.184 F ? C F F R F ? F D R








































































































































































































































































































198 1209A 2H-6, 127-129 16.97 1.248 F ? C F F F R ? C D F
198 1209A 2H-CC 17.70 1.294 R R R F R R D ?
198 1209A 3H-1, 27-29 17.97 1.311 C F F R D
198 1209A 3H-1, 77-79 18.48 1.344 C R R F R R C D F
198 1209A 3H-2, 77-79 19.97 1.439 C F F R F F C A
198 1209A 3H-2, 127-129 20.47 1.471 A F F F R F
198 1209A 3H-3, 77-79 21.47 1.535 C R R R F C
198 1209A 3H-3, 127-129 21.97 1.567 F R R F ? F D R
198 1209A 3H-4, 127-129 22.47 1.599 R C F F R F F C A C D F R R
198 1209A 3H-5, 127-129 24.97 1.758 R R F R R F F D F
198 1209A 3H-7, 27-29 26.97 1.874 R F R R R F F R F A R D R R
198 1209A 3H-CC 27.17 1.886 F C C R R F R R ? F R D C
198 1209A 4H-1, 27-29 27.47 1.903 C C R F F F A F A
198 1209A 4H-1, 77-79 27.98 1.932 ? F R F R C F D ?
198 1209A 4H-4, 77-79 32.48 2.231 C F R R R R R R R R A R D ?
198 1209A 4H-CC 36.67 2.513 C F F R R ? R C F A R
198 1209A 5H-1, 77-79 37.48 2.567 F R A R R R R A R F F
198 1209A 5H-4, 79-81 42.00 2.747 A R F R R R R R R F
198 1209A 5H-6, 127-129 45.47 2.880 C C F R R R R F D
198 1209A 5H-CC 46.21 2.908 D R F F R F F C F
198 1209A 6H-1, 27-29 46.47 2.918 D C F F A F F










































































































































































































































































































198 1209A 6H-1, 127-129 47.47 2.957 A C R R ? F C F
198 1209A 6H-2, 127-129 48.97 3.014 C R A F F
198 1209A 6H-2, 145-147 49.2 3.022 C C R F F F A
198 1209A 6H-3, 15-17 49.4 3.029 C F F C F
198 1209A 6H-3, 77-79 49.97 3.087 C R F R R
198 1209A 6H-4, 27-29 50.97 3.190 R R C F
198 1209A 6H-4, 77-79 51.48 3.242 F D R R R R D
198 1209A 6H-4, 105-107 51.8 3.271 C R F R C
198 1209A 6H-4, 127-129 51.97 3.292 R C F R R C A
198 1209A 6H-5, 77-79 52.97 3.359 C F R C R A F
198 1209A 6H-6, 27-29 53.97 3.406 C C F F R
198 1209A 6H-6, 127-129 54.97 3.453 C F F A
198 1209A 6H-CC 55.84 3.494 F C R R R R R R R D ?
198 1209A 7H-1, 27-29 55.97 3.500 R F C
198 1209A 7H-1, 76-78 56.47 3.523 R C R R R R R F ? A F
198 1209A 7H-1, 127-129 56.97 3.546 F ? R R R R R C C D C
198 1209A 7H-2, 27-29 57.47 3.570 F F R R C D R
198 1209A 7H-2, 127-129 58.47 3.628 R R C F D F
198 1209A 7H-4, 77-79 60.98 3.809 F R R F R C A C
198 1209A 7H-4, 127-129 61.47 3.844 R ? R R F F
198 1209A 7H-5, 27-29 61.97 3.880 R R F F R R F D


























































































































































































































































































































198 1209A 7H-6, 127-129 64.47 4.061 R R R R R R D C
198 1209A 7H-7, 27-29 64.97 4.097 F F R c.f. C R
198 1209A 7H-CC 65.31 4.121 R ? F
198 1209A 8H-1, 77-79 65.98 4.170 R R C C
198 1209A 8H-1, 127-129 66.47 4.201 F F R
198 1209A 8H-2, 27-29 66.97 4.229 ? ? D F
198 1209A 8H-3, 27-29 68.47 4.324 ? C R F R D C
198 1209A 8H-3, 60-62 68.8 4.358 R F F R A R C
198 1209A 8H-3, 127-129 69.47 4.424 F F F R C F F F A
198 1209A 8H-4, 77-79 70.48 4.524 F R R R F C A C D F
198 1209A 8H-CC 74.88 4.950 C R F F F ? R R A C
198 1209A 9H-1, 78-80 75.49 4.990 c.f. F R ? R F C D
198 1209A 9H-2, 127-129 77.48 5.139 R
198 1209A 9H-4, 78-80 79.99 5.470 c.f. F R C R D
198 1209A 9H-CC 84.41 6.193 R F D
198 1209A 10H-1, 27-29 84.47 6.200 C R F F R
198 1209A 10H-1, 77-79 84.98 6.257 R F F A
198 1209A 10H-1, 127-129 85.47 6.334 C
198 1209A 10H-2, 27-29 85.97 6.412 C F R
198 1209A 10H-2, 127-129 86.97 6.499 R c.f.
198 1209A 10H-3, 27-29 87.47 6.536
































































































































































































































































































































198 1209A 10H-5, 77-79 90.97 6.826
198 1209A 10H-6, 77-79 92.47 6.992 R
198 1209A 10H-CC 93.85 7.141 F R R




















HOLE 1209A SPECIES TOPS AND BASES 
Table of species identified at Ocean Drilling Program Hole 1209A, its top (first 
occurrence), base (last occurrence), depth in the core where each event occurs, age of the 
sample, and the sample stratigraphically above (for last occurrences) and below (for first 
occurrences) in which the species was not found, along with the associated depth and age 
of the sample. The depth error (in meters, ±m), average age (millions of years, Ma), and 
age error (±Ma) were calculated based on these depths and ages (see Chapter 1 ‘Methods’ 




















































Depth (mbsf) ± m Avg. Age ± Ma
Candeina nitida Bottom 9H-1, 78-80 75.49 4.990 9H-4, 78-80 79.99 5.470 77.74 4.5 5.230 0.480
Top 1H-4, 77-79 5.28 0.366 1H-4, 27-29 4.77 0.330 4.77 0.51 0.348 0.035
Beella digitata Bottom 4H-4, 77-79 32.48 2.231 4H-CC 36.67 2.513 34.58 4.19 2.372 0.281
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Beella 
praedigitata Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 2H-1, 27-29 8.47 0.586 1H-CC 7.89 0.546 8.18 0.58 0.566 0.040
Catapsydrax 
univacus Bottom 10H-4, 77-79 89.48 6.685 10H-CC 93.85 7.141 91.67 4.37 6.913 0.456
Top 10H-2, 127-129 86.97 6.499 10H-2, 27-29 85.97 6.412 86.47 1 6.456 0.087
Candeina nitida Bottom 9H-1, 78-80 75.49 4.990 9H-4, 78-80 79.99 5.470 77.74 4.5 5.230 0.480
Top 1H-4, 77-79 5.28 0.366 1H-4, 27-29 4.77 0.330 4.77 0.51 0.348 0.035
Dentoglobigerina 
altispira Bottom 10H-6, 77-79 92.47 6.992 10H-CC 93.85 7.141 93.16 1.38 7.067 0.149
Top 6H-1, 77-79 46.98 2.938 6H-1, 60-62 46.81 2.931 46.90 0.17 2.935 0.007
Dentoglobigerina 
baroemoenensis Bottom 8H-3, 127-129 69.47 4.424 8H-4, 77-79 70.48 4.524 69.98 1.01 4.474 0.101
Top 6H-1, 127-129 47.47 2.957 6H-1, 77-79 46.98 2.938 47.23 0.49 2.947 0.019
Dentoglobigerina  
venezuelana Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 6H-2, 127-129 48.97 3.014 6H-1, 127-129 47.47 2.957 48.22 1.5 2.986 0.058
Globigerina 
bulloides Bottom 10H-4, 27-29 88.97 6.647 10H-4, 77-79 89.48 6.685 89.23 0.51 6.666 0.038
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globigerina 
falconensis Bottom 8H-CC 74.88 4.950 9H-1, 78-80 75.49 4.990 75.19 0.61 4.970 0.041



















Depth (mbsf) ± m Avg. Age ± Ma
Globigerina 
umbilicata Bottom 4H-CC 36.67 2.513 5H-1, 77-79 37.48 2.567 37.08 0.81 2.540 0.054
Top 3H-3, 127-129 21.97 1.567 3H-3, 77-79 21.47 1.535 21.72 0.5 1.551 0.032
Globigerinella 
calida Bottom 6H-3, 77-79 49.97 3.087 6H-4, 27-29 50.97 3.190 50.47 1 3.139 0.102
Top 6H-3, 77-79 49.97 3.087 6H-3, 15-17 49.36 3.029 49.67 0.61 3.058 0.058
Globigerinella 
obesa Bottom 10H-CC 93.85 7.141 11H-1, 77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globigerinella 
siphonifera Bottom 8H-4, 77-79 70.48 4.524 8H-CC 74.88 4.950 72.68 4.4 4.737 0.425
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globigerinoides 
bulloideus Bottom 2H-3, 27-29 11.47 0.800 2H-4, 77-79 13.48 1.003 12.48 2.01 0.902 0.203
Top 2H-3, 27-29 11.47 0.800 2H-2, 77-79 10.47 0.725 10.97 1 0.763 0.075
Globigerinoides 
conglobatus Bottom 10H-1, 77-79 84.98 6.257 10H-1, 127-129 85.47 6.334 85.23 0.49 6.295 0.077
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globigerinoides 
extremus Bottom 9H-CC 84.41 6.193 10H-1, 27-29 84.47 6.200 84.44 0.06 6.196 0.007
Top 3H-4, 127-129 22.47 1.599 3H-3, 127-129 21.97 1.567 22.22 0.5 1.583 0.032
Globigerinoides 
obliquus Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 3H-1, 77-79 18.48 1.344 3H-1, 27-29 17.97 1.311 18.23 0.51 1.328 0.033
Globigerinoides 
ruber Bottom 7H-5, 27-29 61.97 3.880 7H-6, 27-29 63.47 3.989 62.72 1.5 3.934 0.108
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globigerinoides 
subquadratus Bottom 10H-6, 77-79 92.47 6.992 10H-CC 93.85 7.141 93.16 1.38 7.067 0.149



















Depth (mbsf) ± m Avg. Age ± Ma
Globoquadrina 
dehiscens Bottom 10H-CC 93.85 7.141 11H-1, 77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 10H-5, 77-79 90.97 6.826 10H-4, 77-79 89.48 6.685 90.23 1.49 6.755 0.141
Globoquadrina 
conglomerata Bottom 10H-3, 27-29 87.47 6.536 10H-4, 27-29 88.97 6.647 88.22 1.5 6.592 0.111
Top 5H-4, 79-81 42 2.747 5H-1, 77-79 37.48 2.567 39.74 4.52 2.657 0.180
Globorotaloides 
hexagona Bottom 10H-1, 27-29 84.47 6.200 10H-1, 77-79 84.98 6.257 84.73 0.51 6.228 0.057
Top 2H-1, 27-29 8.47 0.586 1H-CC 7.89 0.546 8.18 0.58 0.566 0.040
Globorotaloides 
variabilis Bottom 6H-CC 55.84 3.494 7H-1, 27-29 55.97 3.500 55.91 0.13 3.497 0.006
Top 6H-4, 77-79 51.48 3.242 6H-4, 27-29 50.97 3.190 51.23 0.51 3.216 0.052
Globoturborotalita 
apertura Bottom 10H-CC 93.85 7.141 11H-1-77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 4H-CC 36.67 2.513 4H-4-77-79 32.48 2.231 34.58 4.19 2.372 0.281
Globoturborotalita 
decoraperta Bottom 10H-4, 77-79 89.48 6.685 10H-CC 93.85 7.141 91.67 4.37 6.913 0.456
Top 7H-1, 127-129 56.97 3.546 7H-1-76-78 56.47 3.523 56.72 0.5 3.535 0.023
Globoturborotalita 
druryi Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 10H-1, 27-29 84.47 6.200 9H-CC 84.41 6.193 84.44 0.06 6.196 0.007
Globoturborotalia 
nepenthes Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 7H-7, 27-29 64.97 4.097 7H-6, 127-129 64.47 4.061 64.72 0.5 4.079 0.036
Globoturborotalita 
rubescens Bottom 2H-1, 77-79 8.98 0.622 2H-1, 127-129 9.47 0.656 9.23 0.49 0.639 0.034
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globoturborotalita 
woodi Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -



















Depth (mbsf) ± m Avg. Age ± Ma
Orbulina suturalis Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 1h-3, 127-129 4.27 0.296 1H-2, 127-129 2.77 0.192 3.52 1.5 0.244 0.104
Orbulina universa Bottom 11h-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 1h-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Sphaeroidinella 
dehiscens Bottom 7h-2, 127-129 58.47 3.628 7H-4, 77-79 60.98 3.809 59.73 2.51 3.718 0.181
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Sphaeroidinellopsis 
kochi Bottom 10H-CC 93.85 7.141 11H-1, 77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 6H-3, 77-79 49.97 3.087 6H-3, 15-17 49.36 3.029 49.67 0.61 3.058 0.058
Sphaeroidinellopsis 
paenedehiscens Bottom 8H-2, 27-29 66.97 4.229 8H-3, 27-29 68.47 4.324 67.72 1.5 4.277 0.095
Top 3H-7, 27-29 26.97 1.874 3H-5, 127-129 24.97 1.758 25.97 2 1.816 0.116
Sphaeroidinellopsis 
seminulina Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 6H-1, 27-29 46.47 2.918 5H-CC 46.21 2.908 46.34 0.26 2.913 0.010
Trilobatus 
sacculifer Bottom 10H-6, 77-79 92.47 6.992 10H-CC 93.85 7.141 93.16 1.38 7.067 0.149
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Turborotalita 
quinqueloba Bottom 7H-6, 127-129 64.47 4.061 7H-7, 27-29 64.97 4.097 64.72 0.5 4.079 0.036
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globigerinita 
glutinata Bottom 10H-CC 93.85 7.141 11H-1, 77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globigerinita uvula Bottom 1H-1, 27-29 0.27 0.019 1H-1, 77-79 0.78 0.054 0.53 0.51 0.036 0.035
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Tenuitella iota Bottom 2H-CC 17.7 1.294 3H-1, 27-29 17.97 1.311 17.84 0.27 1.303 0.017



















Depth (mbsf) ± m Avg. Age ± Ma
Globoconella 
conomiozea Bottom 8H-3, 27-29 68.47 4.324 8H-3, 60-62 68.81 4.358 68.64 0.34 4.341 0.034
Top 6H-4, 127-129 51.97 3.292 6H-4, 105-107 51.76 3.271 51.87 0.21 3.281 0.022
Globoconella 
inflata Bottom 6H-2, 127-129 48.97 3.014 6H-2, 145-147 49.16 3.022 49.07 0.19 3.018 0.007
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globoconella 
miotumida Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 6H-3, 77-79 49.97 3.087 6H-3, 15-17 49.36 3.029 49.67 0.61 3.058 0.058
Globoconella 
triangula Bottom 6H-3, 77-79 49.97 3.087 6H-4, 27-29 50.97 3.190 50.47 1 3.139 0.102
Top 2H-1, 127-129 9.47 0.656 2H-1, 77-79 8.98 0.622 9.23 0.49 0.639 0.034
Globoconella 
puncticulata Bottom 7H-4, 127-129 61.47 3.844 7H-5, 27-29 61.97 3.880 61.72 0.5 3.862 0.036
Top 2H-1, 127-129 9.47 0.656 2H-1, 77-79 8.98 0.622 9.23 0.49 0.639 0.034
Globorotalia 
bermudezi Bottom 6H-2, 127-129 48.97 3.014 6H-2, 145-147 49.16 3.022 49.07 0.19 3.018 0.007
Top 1H-5, 77-79 6.77 0.469 1H-5, 27-29 6.27 0.434 6.27 0.5 0.451 0.035
Globorotalia 
cibaoensis Bottom 8H-CC 74.88 4.950 9H-1, 78-80 75.49 4.990 75.19 0.61 4.970 0.041
Top 7H-5, 27-29 61.97 3.880 7H-4, 127-129 61.47 3.844 61.72 0.5 3.862 0.036
Globorotalia 
crassaformis Bottom 7H-1, 77-79 56.47 3.523 7H-1, 127-129 56.97 3.546 56.72 0.5 3.535 0.023
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globorotalia 
crassula Bottom 4H-1, 27-29 27.47 1.903 4H-1, 77-79 27.98 1.932 27.73 0.51 1.917 0.029
Top 1H-3, 127-129 4.27 0.296 1H-2, 127-129 2.77 0.192 3.52 1.5 0.244 0.104
Globorotalia 
hirsuta Bottom 2H-1, 127-129 9.47 0.656 2H-2, 27-29 9.97 0.690 9.72 0.5 0.673 0.035



















Depth (mbsf) ± m Avg. Age ± Ma
Globorotalia 
juanai Bottom 7H-1, 127-129 56.97 3.546 7H-2, 27-29 57.47 3.570 57.22 0.5 3.558 0.023
Top 7H-1, 127-129 56.97 3.546 7H-1, 76-78 56.47 3.523 56.72 0.5 3.535 0.023
Globorotalia 
limbata Bottom 7H-5, 27-29 61.97 3.880 7H-6, 27-29 63.47 3.989 62.72 1.5 3.934 0.108
Top 4H-4, 77-79 32.48 2.231 4H-1, 77-79 27.98 1.932 30.23 4.5 2.082 0.300
Globorotalia 
margaritae Bottom 8H-CC 74.88 4.950 9H-1, 78-80 75.49 4.990 75.19 0.61 4.970 0.041
Top 6H-CC 55.84 3.494 6H-6, 127-129 54.97 3.453 55.41 0.87 3.473 0.041
Globorotalia 
menardii Bottom 11C-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globorotalia 
merotumida Bottom 10H-CC 93.85 7.141 11H-1, 77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 9H-2, 127-129 77.48 5.139 9H-1, 78-80 75.49 4.990 76.48 1.99 5.065 0.149
Globorotalia 
plesiotumida Bottom 10H-CC 93.85 7.141 11H-1, 77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 6H-CC 55.84 3.494 6H-6, 127-129 54.97 3.453 55.41 0.87 3.473 0.041
Globorotalia 
pseudomiocenica Bottom 6H-CC 55.84 3.494 7H-1, 27-29 55.97 3.500 55.91 0.13 3.497 0.006
Top 4H-4, 77-79 32.48 2.231 4H-1, 77-79 27.98 1.932 30.23 4.5 2.082 0.300
Globorotalia 
scitula Bottom 8H-CC 74.88 4.950 9H-1, 78-80 75.49 4.990 75.19 0.61 4.970 0.041
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globorotalia 
theyeri Bottom 8H-4, 77-79 70.48 4.524 8H-CC 74.88 4.950 72.68 4.4 4.737 0.425
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globorotalia 
tosaensis Bottom 6H-1, 77-79 46.98 2.938 6H-1, 127-129 47.47 2.957 47.23 0.49 2.947 0.019



















Depth (mbsf) ± m Avg. Age ± Ma
Globorotalia 
truncatulinoides Bottom 4H-4, 77-79 32.48 2.231 4H-CC 36.67 2.513 34.58 4.19 2.372 0.281
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globorotalia 
tumida Bottom 8H-3, 127-129 69.47 4.424 8H-4, 77-79 70.48 4.524 69.98 1.01 4.474 0.101
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Globoturborotalita 
woodi Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 2H-2, 77-79 10.47 0.725 2H-2, 27-29 9.97 0.690 10.22 0.5 0.708 0.035
Globoturborotalita 
apertura Bottom 10H-CC 93.85 7.141 11H-1, 77-79 94.48 7.161 94.17 0.63 7.151 0.019
Top 4H-CC 36.67 2.513 4H-4, 77-79 32.48 2.231 34.58 4.19 2.372 0.281
Globoturborotalita 
decoraperta Bottom 10H-4, 77-79 89.48 6.685 10H-CC 93.85 7.141 91.67 4.37 6.913 0.456
Top 7H-1, 127-129 56.97 3.546 7H-1, 76-78 56.47 3.523 56.72 0.5 3.535 0.023
Globorotaloides 
variabilis Bottom 6H-CC 55.84 3.494 7H-1, 27-29 55.97 3.500 55.91 0.13 3.497 0.006
Top 6H-4, 77-79 51.48 3.242 6H-4, 27-29 50.97 3.190 51.23 0.51 3.216 0.052
Globorotaloides 
hexagona Bottom 10H-1, 27-29 84.47 6.200 10H-1, 77-79 84.98 6.257 84.73 0.51 6.228 0.057
Top 2H-1, 27-29 8.47 0.586 1H-CC 7.89 0.546 8.18 0.58 0.566 0.040
Globoturborotalita 
druryi Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 10H-1, 27-29 84.47 6.200 9H-CC 84.41 6.193 84.44 0.06 6.196 0.007
Globoturborotalia 
nepenthes Bottom 11H-1, 77-79 94.48 7.161 - - - 94.48 - 7.161 -
Top 7H-7, 27-29 64.97 4.097 7H-6, 127-129 64.47 4.061 64.72 0.5 4.079 0.036
Neogloboquadrina 
acostaensis Bottom 8H-CC 74.88 4.950 9H-1, 78-80 75.49 4.990 75.19 0.61 4.970 0.041




















Depth (mbsf) ± m Avg. Age ± Ma
Neogloboquadrina 
atlantica Bottom 10H-1, 77-79 84.98 6.257 10H-1, 127-129 85.47 6.334 85.23 0.49 6.295 0.077
Top 2H-1, 127-129 9.47 0.656 2H-1, 77-79 8.98 0.622 9.23 0.49 0.639 0.034
Neogloboquadrina 
dutertrei Bottom 10H-2, 27-29 85.97 6.412 10H-2, 127-129 86.97 6.499 86.47 1 6.456 0.087
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Neogloboquadrina 
humerosa Bottom 8H-3, 60-62 68.81 4.358 8H-3, 127-129 69.47 4.424 69.14 0.66 4.391 0.066
Top 8H-3, 60-62 68.81 4.358 8H-3, 27-29 68.47 4.324 68.64 0.34 4.341 0.034
Neogloboquadrina 
incompta Bottom 9H-CC 84.41 6.193 10H-1, 27-29 84.47 6.200 84.44 0.06 6.196 0.007
Top 1H-1-27-29 0.27 0.019 - - - 0.27 - 0.019 -
Neogloboquadrina 
pachyderma Bottom 10H-2-27-29 85.97 6.412 10H-2, 127-129 86.97 6.499 86.47 1 6.456 0.087
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Pulleniatina 
obliquiloculata Bottom 3H-7, 27-29 26.97 1.874 3H-CC 27.17 1.886 27.07 0.2 1.880 0.011
Top 1H-1, 27-29 0.27 0.019 - - - 0.27 - 0.019 -
Pulleniatina 
primalis Bottom 3H-4, 127-129 22.47 1.599 3H-5, 127-129 24.97 1.758 23.72 2.5 1.678 0.160





HOLE 1207A AND HOLE 1208A AGE MODELS 
Magnetic reversal boundaries at Ocean Drilling Program Hole 1207A and Hole 
1208A as reported by Evans (2006), which have been updated to the Geologic Time 
Scale 2012 ages of Hilgen et al. (2012). mcd= meters composite depth; T= top of 








T C1n 0 0.00 0.00 
B C1n 0.781 12.35 42.92 
T C1r.1n 0.988 16.26 52.57 
B C1r.1n 1.072 16.77 55.85 
T C2n 1.778 24.38 85.01 
B C2n 1.945 28.40 92.81 
T C2r.1n 2.128 29.73 99.86 
B C2r.1n 2.148 30.25 101.01 
T C2An.1n 2.581 43.13 119.45 
B C2An.1n 3.032 51.77 137.80 
T C2An.2n 3.116 53.25 140.64 
B C2An.2n 3.207 56.79 144.58 
T C2An.3n 3.330 58.77 147.76 
B C2An.3n 3.596 66.91 156.88 
T C3n.1n 4.187 80.23 172.40 
B C3n.1n 4.300 83.34 176.47 
T C3n.2n 4.493 87.19 182.51 
B C3n.2n 4.631 90.46 185.46 
T C3n.3n 4.799 92.39 189.28 
B C3n.3n 4.896 94.32 191.01 
T C3n.4n 4.997 96.84 194.09 
B C3n.4n 5.235 99.95 200.04 
T C3An.1n 6.033 105.73 216.47 
B C3An.1n 6.252 106.77 221.51 
T C3An.2n 6.436 109.29 222.25 
B C3An.2n 6.733 114.18 231.39 
T C3Bn 7.140 116.56 235.31 
B C3Bn 7.212 120.41 240.33 
T C3Br.1n 7.251 - - 




T C3Br.2n 7.454 123.08 - 








T C4n.1n 7.528 125.16 241.08 
B C4n.1n 7.642 126.05 241.83 
T C4n.2n 7.695 126.34 242.95 
B C4n.2n 8.108 129.01 250.78 
T C4r.1n 8.254 130.79 251.74 
B C4r.1n 8.300 132.27 252.46 
T C4An 8.771 134.50 256.00 
B C4An 9.105 136.72 260.66 
T C4Ar.1n 9.311 137.76 262.53 
B C4Ar.1n 9.426 138.35 264.02 
T C4Ar.2n 9.647 140.28 265.69 
B C4Ar.2n 9.721 140.72 268.12 
T C5n.1n 9.786 141.32 269.05 
B C5n.1n 9.937 142.36 271.85 
T C5n.2n 9.984 142.65 - 
B C5n.2n 11.056 151.40 282.10 
T C5r.1n 11.146 153.62 287.14 
B C5r.1n 11.188 154.07 287.69 
T C5r.2n 11.592 155.11 290.49 
B C5r.2n 11.657 155.40 291.42 
T C5An.1n 12.049 157.81 292.17 
B C5An.1n 12.174 160.77 294.03 
T C5An.2n 12.272 161.76 298.69 
B C5An.2n 12.474  299.63 
*B Orbulina spp. 15.1  317.6 



















HOLE 1207A PLANKTIC FORAMINIFERAL BIOSTRATIGRAPHY 
 
The following table contains the ranges of planktic foraminiferal species 
identified at Ocean Drilling Program Hole 1207A against sample identifier, the midpoint 
depth of the sample, the age of each sample calculated using the age model in Appendix 
D, and the biozones defined in Chapter 2. Primary marker species used to construct 
biozones are highlighted in light blue. Relative abundance of each species in each sample 
is indicated as follows: R, rare (<1%); F, few (1-5%); C, common (5-10%); A, abundant 
(10-30%); and D, dominant (>30%). m indicates older specimens that are mixed into 





















































































































































































































































198 1207A 1H-1, 29-31 0.29 0.018 C R F R R F
198 1207A 1H-1, 80-82 0.81 0.051 A F A R R ? F
198 1207A 1H-1, 127-129 1.27 0.080 C F R R
198 1207A 1H-2, 77-79 2.27 0.144 C R R F
198 1207A 1H-3, 26-28 3.26 0.206 R C R R R F
198 1207A 1H-3, 77-79 3.77 0.238 A R R R
198 1207A 1H-4, 6-7 4.54 0.287 C R
198 1207A 1H-CC, 19-21 4.72 0.298 F R F R R
198 1207A 2H-1, 27-29 5.07 0.321 R C R R
198 1207A 2H-1, 80-82 5.61 0.355 C R R R R
198 1207A 2H-1, 127-129 6.07 0.384 C F R
198 1207A 2H-2, 77-79 7.07 0.447 A F R R
198 1207A 2H-4, 80-82 10.11 0.639 F R R R
198 1207A 3H-1, 29-31 14.59 0.900 R C R
198 1207A 2H-CC, 28-30 14.61 0.901 A F R R F F
198 1207A 3H-1, 81-83 15.12 0.928 C F R R R R R
198 1207A 3H-2, 27-29 16.07 0.978 R C R R
198 1207A 3H-2, 127-129 17.07 1.100 C R R R R R
198 1207A 3H-3, 27-29 17.57 1.146 C F R R R
198 1207A 3H-3, 78-80 18.09 1.194 R A R R R
198 1207A 3H-4, 111-113 19.92 1.364 C R R R R F
198 1207A 3H-CC, 21-23 24.12 1.754 R A F R F R R F

































































































































































































































































198 1207A 4H-1, 130-132 25.11 1.808 R C R R R F
198 1207A 4H-2, 27-29 25.57 1.827 C F R F
198 1207A 4H-2, 80-82 26.1 1.849 R C R R F
198 1207A 4H-2, 127-129 26.57 1.869 C R R R R
198 1207A 4H-4, 77-79 29.08 2.039 R A F R F
198 1207A 4H-4, 81-83 29.12 2.044 R C F R R R F
198 1207A 4H-5, 27-29 30.07 2.141 R F R R R R F
198 1207A 4H-5, 77-79 30.57 2.159 R F R
198 1207A 4H-5, 127-129 31.07 2.176 R F R R R R R R
198 1207A 4H-7, 60-62 33.41 2.254 C F F R R R F
198 1207A 4H-CC, 13-15 33.79 2.267 R C F R R R F
198 1207A 5H-1, 80-82 34.11 2.278 R F F R F R R R
198 1207A 5H-4, 80-82 38.61 2.429 R F R R R
198 1207A 5H-CC, 6-7 42.81 2.570 R C R R R F
198 1207A 6H-1, 39-41 43.20 2.585 R C F
198 1207A 6H-1, 77-79 43.58 2.604 C F R R R
198 1207A 6H-4, 77-79 48.08 2.839 R F R R R
198 1207A 6H-4, 108-110 48.39 2.856 C R F
198 1207A 6H-5, 27-29 49.07 2.891 F C R F
198 1207A 6H-6, 27-29 50.57 2.969 R A R R C
198 1207A 6H-CC, 7-9 52.50 3.073 R R C R R R
198 1207A 7H-1, 55-57 52.86 3.094 R C R R R F R


































































































































































































































































198 1207A 7H-4, 19-21 57.00 3.220 R C R R R R R
198 1207A 7H-4, 77-79 57.58 3.256 R C C R R R R
198 1207A 7H-4, 127-129 58.07 3.287 F C R R F
198 1207A 7H-5, 77-79 59.07 3.340 R F R R R
198 1207A 7H-5, 127-129 59.57 3.356 R R R F C R R R
198 1207A 7H-6, 27-29 60.07 3.372 R C F R R R R
198 1207A 7H-CC, 21-23 61.82 3.430 R R F R R R
198 1207A 8H-1, 27-29 62.07 3.438 R C R R
198 1207A 8H-1, 77-79 62.58 3.455 R R C R
198 1207A 8H-1, 127-129 63.07 3.471 R C R R R F R
198 1207A 8H-2, 77-79 64.07 3.503 R R C R R R F F
198 1207A 8H-2, 127-129 64.57 3.520 R C R
198 1207A 8H-3, 77-79 65.57 3.552 R F C R
198 1207A 8H-3, 127-129 66.07 3.569 R R F F
198 1207A 8H-4, 27-29 66.57 3.585 R F R
198 1207A 8H-4, 77-79 67.08 3.604 F C F R R R
198 1207A 8H-4, 127-129 67.57 3.625 R R? C R R R R R
198 1207A 8H-5, 77-79 68.57 3.670 R F R R R
198 1207A 8H-CC, 11-12 71.40 3.795 R F R R C F R R R R R F R
198 1207A 9H-1, 77-79 72.08 3.825 R R R F C F R R R R F R
198 1207A 9H-2, 127-129 74.07 3.914 F A R R R































































































































































































































































198 1207A 9H-3, 127-129 75.57 3.980 F F R
198 1207A 9H-4, 77-79 76.58 4.025 R C R
198 1207A 9H-4, 127-129 77.07 4.047 R R C R
198 1207A 9H-5, 27-29 77.57 4.069 R C R R
198 1207A 9H-5, 127-129 78.57 4.113 R C R R
198 1207A 9H-6, 27-29 79.07 4.136 R C R R
198 1207A 9H-CC, 9-11 80.99 4.215 R R C F R R F R
198 1207A 10H-1, 27-29 81.07 4.218 R C
198 1207A 10H-1, 78-80 81.59 4.236 R R R C R R R
198 1207A 10H-4, 114-116 86.45 4.456 R R C F R R F R
198 1207A 10H-5, 27-29 87.07 4.487 R R A R R
198 1207A 10H-5, 77-79 87.57 4.509 C R R
198 1207A 10H-6, 27-29 88.57 4.551 A R
198 1207A 10H-CC, 5-7 90.59 4.642 ? C R R R R
198 1207A 11H-1, 78-80 91.09 4.686 R A R R
198 1207A 11H-2, 27-29 92.07 4.771 R A R
198 1207A 11H-2, 77-79 92.57 4.808 R A R ? R
198 1207A 11H-2, 127-129 93.07 4.833 R R R C R R R R
198 1207A 11H-3, 77-79 94.07 4.883 R R C R R F
198 1207A 11H-4, 77-79 95.58 4.947 R R R C R R R R F R
198 1207A 11H-CC, 6-8 100.01 5.243 R R R C F R R F
198 1207A 12H-1, 78-80 100.59 5.323 R R C F R R R R











































































































































































































































































198 1207A 12H-4, 128-130 105.6 6.012 A R R R R C
198 1207A 12H-5, 27-29 106.1 6.105 R A R
198 1207A 12H-6, 27-29 107.6 6.310 A R R R R R
198 1207A 12H-CC, 19-21 109.30 6.437 C R R R R
198 1207A 13H-1, 27-29 109.6 6.453 R R F R R R
198 1207A 13H-1, 78-80 110.35 6.500 C R R
198 1207A 13H-1, 127-129 110.6 6.514 R R R F R R
198 1207A 13H-2, 27-29 111.1 6.544 R C R R
198 1207A 13H-2, 78-80 111.6 6.575 R R A R F
198 1207A 13H-3, 27-29 112.6 6.635 C R R
198 1207A 13H-4, 78-80 114.59 6.803 R R R F R
198 1207A 13H-CC, 25-27 119.01 7.186 R R R
198 1207A 14H-1, 78-80 119.59 7.197 R C R R
198 1207A 14H-1, 127-129 120.1 7.206 R R C R R
198 1207A 14H-2, 127-129 121.6 7.317 C R C
198 1207A 14H-4, 78-80 124.09 7.502 R C
198 1207A 14H-CC, 22-24 128.44 8.020 R R A
198 1207A 15H-1, 77-79 129.08 8.114 C
198 1207A 15H-2, 77-79 130.6 8.236 R C
198 1207A 15H-3, 77-79 132.1 8.294 F F R
198 1207A 15H-3, 127-129 132.6 8.363 R R
































































































































































































































































198 1207A 15H-CC, 24-26 138.05 9.368 R R C F R A C F
198 1207A 16H-1, 77-79 138.58 9.452 R R F C F F
198 1207A 16H-3, 27-29 141.1 9.759 A R A
198 1207A 16H-4, 78-80 143.09 10.038 F R C C R R C
198 1207A 16H-5, 127-129 145.1 10.280 C F F
198 1207A 16H-CC, 25-27 147.51 10.579 F C R R C
198 1207A 17H-1, 77-79 148.08 10.649 C F C
198 1207A 17H-1, 127-129 148.6 10.709 R R C C
198 1207A 17H-2, 27-29 149.1 10.771 C F
198 1207A 17H-2, 127-129 150.1 10.893 R
198 1207A 17H-3, 27-29 150.6 10.954 C C
198 1207A 17H-4, 77-79 152.58 11.104 F F
198 1207A 17H-4, 127-129 153.1 11.124 R R R R F
198 1207A 17H-5, 77-79 154.1 11.188 F F ? F
198 1207A 17H-6, 27-29 155.1 11.576 R F C F F
198 1207A 17H-6, 127-129 156.1 11.766 R F F R R
198 1207A 17H-7, 27-29 156.6 11.847 R R C F R R R R R
198 1207A 17H-CC, 22-24 157.01 11.919 R C R F F F
198 1207A 18H-1, 79-81 157.60 12.015 F R F R R R R C
198 1207A 18H-2, 127-129 159.6 12.123 R C R C F R
























































































































































































































































198 1207A 1H-1, 29-31 0.29 0.018 F R D
198 1207A 1H-1, 80-82 0.81 0.051 F R F D
198 1207A 1H-1, 127-129 1.27 0.080 R A
198 1207A 1H-2, 77-79 2.27 0.144 F R D
198 1207A 1H-3, 26-28 3.26 0.206 F R R A
198 1207A 1H-3, 77-79 3.77 0.238 R D
198 1207A 1H-4, 6-7 4.54 0.287 R R A
198 1207A 1H-CC, 19-21 4.72 0.298 R F R C
198 1207A 2H-1, 27-29 5.07 0.321 D
198 1207A 2H-1, 80-82 5.61 0.355 F R R C
198 1207A 2H-1, 127-129 6.07 0.384 R D
198 1207A 2H-2, 77-79 7.07 0.447 ? R F D
198 1207A 2H-4, 80-82 10.11 0.639 R R A
198 1207A 3H-1, 29-31 14.59 0.900 R R D
198 1207A 2H-CC, 28-30 14.61 0.901 ? R R F R F D
198 1207A 3H-1, 81-83 15.12 0.928 R R R R F C
198 1207A 3H-2, 27-29 16.07 0.978 R R A
198 1207A 3H-2, 127-129 17.07 1.100 F R D
198 1207A 3H-3, 27-29 17.57 1.146 F F R F D
198 1207A 3H-3, 78-80 18.09 1.194 F F D
198 1207A 3H-4, 111-113 19.92 1.364 R R F F D
198 1207A 3H-CC, 21-23 24.12 1.754 F R R R R C C




























































































































































































































































198 1207A 4H-1, 130-132 25.11 1.808 F R R F C D
198 1207A 4H-2, 27-29 25.57 1.827 R F R R C
198 1207A 4H-2, 80-82 26.1 1.849 F F R R C
198 1207A 4H-2, 127-129 26.57 1.869 F R F R R C
198 1207A 4H-4, 77-79 29.08 2.039 F R R F R C D
198 1207A 4H-4, 81-83 29.12 2.044 R R R R C D
198 1207A 4H-5, 27-29 30.07 2.141 R R D
198 1207A 4H-5, 77-79 30.57 2.159 R R R D
198 1207A 4H-5, 127-129 31.07 2.176 F R R D
198 1207A 4H-7, 60-62 33.41 2.254 F ? R R R R C D
198 1207A 4H-CC, 13-15 33.79 2.267 F R R R R C C
198 1207A 5H-1, 80-82 34.11 2.278 F R R F
198 1207A 5H-4, 80-82 38.61 2.429 F R F C
198 1207A 5H-CC, 6-7 42.81 2.570 F R R D
198 1207A 6H-1, 39-41 43.20 2.585 F R R R R D
198 1207A 6H-1, 77-79 43.58 2.604 F R R R D
198 1207A 6H-4, 77-79 48.08 2.839 F R R D
198 1207A 6H-4, 108-110 48.39 2.856 R R R D
198 1207A 6H-5, 27-29 49.07 2.891 R R F R D
198 1207A 6H-6, 27-29 50.57 2.969 R C F R F D
198 1207A 6H-CC, 7-9 52.50 3.073 R R R R R R F D
198 1207A 7H-1, 55-57 52.86 3.094 F R R D





























































































































































































































































198 1207A 7H-4, 19-21 57.00 3.220 R R F F R R D
198 1207A 7H-4, 77-79 57.58 3.256 F R R R D
198 1207A 7H-4, 127-129 58.07 3.287 F R C
198 1207A 7H-5, 77-79 59.07 3.340 F R R D
198 1207A 7H-5, 127-129 59.57 3.356 C R R R A
198 1207A 7H-6, 27-29 60.07 3.372 C R D
198 1207A 7H-CC, 21-23 61.82 3.430 R R R R R A
198 1207A 8H-1, 27-29 62.07 3.438 F F R D
198 1207A 8H-1, 77-79 62.58 3.455 C R R R D
198 1207A 8H-1, 127-129 63.07 3.471 R C F R D
198 1207A 8H-2, 77-79 64.07 3.503 F F F R R D
198 1207A 8H-2, 127-129 64.57 3.520 A R R D
198 1207A 8H-3, 77-79 65.57 3.552 F F R R D
198 1207A 8H-3, 127-129 66.07 3.569 R R R R D
198 1207A 8H-4, 27-29 66.57 3.585 R R D
198 1207A 8H-4, 77-79 67.08 3.604 R R F R R R D
198 1207A 8H-4, 127-129 67.57 3.625 C F R R D
198 1207A 8H-5, 77-79 68.57 3.670 R C R R A
198 1207A 8H-CC, 11-12 71.40 3.795 C R F R R F D
198 1207A 9H-1, 77-79 72.08 3.825 R C R R R R F D
198 1207A 9H-2, 127-129 74.07 3.914 F F R F R D


























































































































































































































































198 1207A 9H-3, 127-129 75.57 3.980 R C R R
198 1207A 9H-4, 77-79 76.58 4.025 R A R R R F D
198 1207A 9H-4, 127-129 77.07 4.047 A F R A
198 1207A 9H-5, 27-29 77.57 4.069 ? C R F R R A
198 1207A 9H-5, 127-129 78.57 4.113 R F R R R A
198 1207A 9H-6, 27-29 79.07 4.136 C R F R D
198 1207A 9H-CC, 9-11 80.99 4.215 R C R F R R D
198 1207A 10H-1, 27-29 81.07 4.218 C R F R A
198 1207A 10H-1, 78-80 81.59 4.236 R A F R F C
198 1207A 10H-4, 114-116 86.45 4.456 R C F R R A
198 1207A 10H-5, 27-29 87.07 4.487 R C R R R F R D
198 1207A 10H-5, 77-79 87.57 4.509 C F A F R R F
198 1207A 10H-6, 27-29 88.57 4.551 R R F
198 1207A 10H-CC, 5-7 90.59 4.642 C F R R D
198 1207A 11H-1, 78-80 91.09 4.686 C F F F
198 1207A 11H-2, 27-29 92.07 4.771 R C F R R R D
198 1207A 11H-2, 77-79 92.57 4.808 ? F F R D
198 1207A 11H-2, 127-129 93.07 4.833 F C R F R A
198 1207A 11H-3, 77-79 94.07 4.883 R C F R R C
198 1207A 11H-4, 77-79 95.58 4.947 R C R F R R F R C
198 1207A 11H-CC, 6-8 100.01 5.243 R R F C F R F R A
198 1207A 12H-1, 78-80 100.59 5.323 R C R F F R D






































































































































































































































































198 1207A 12H-4, 128-130 105.6 6.012 F F C R F R R D
198 1207A 12H-5, 27-29 106.1 6.105 F R C R F R R D
198 1207A 12H-6, 27-29 107.6 6.310 F C F R R D
198 1207A 12H-CC, 19-21 109.30 6.437 R R F C R C R R R C
198 1207A 13H-1, 27-29 109.6 6.453 R R F R F C
198 1207A 13H-1, 78-80 110.35 6.500 R C C R F R R F A
198 1207A 13H-1, 127-129 110.6 6.514 F F F R F R F R A
198 1207A 13H-2, 27-29 111.1 6.544 R F F F R C
198 1207A 13H-2, 78-80 111.6 6.575 F R C R
198 1207A 13H-3, 27-29 112.6 6.635 R R F F F R C R C
198 1207A 13H-4, 78-80 114.59 6.803 R R C R R R F R C
198 1207A 13H-CC, 25-27 119.01 7.186 R F C R C R F C
198 1207A 14H-1, 78-80 119.59 7.197 R F C C R F C R F
198 1207A 14H-1, 127-129 120.1 7.206 F R C F F F A
198 1207A 14H-2, 127-129 121.6 7.317 R F F R R R R C
198 1207A 14H-4, 78-80 124.09 7.502 C A C R F D F
198 1207A 14H-CC, 22-24 128.44 8.020 R F C C R F C R F
198 1207A 15H-1, 77-79 129.08 8.114 R F F A D F
198 1207A 15H-2, 77-79 130.6 8.236 C R A R F R
198 1207A 15H-3, 77-79 132.1 8.294 C R R F C
198 1207A 15H-3, 127-129 132.6 8.363 F C F F R F



























































































































































































































































198 1207A 15H-CC, 24-26 138.05 9.368 R F F A R C F F D
198 1207A 16H-1, 77-79 138.58 9.452 R R F A R C R F F A
198 1207A 16H-3, 27-29 141.1 9.759 F F F C R R C D
198 1207A 16H-4, 78-80 143.09 10.038 C A C F A F F
198 1207A 16H-5, 127-129 145.1 10.280 R C F C C D
198 1207A 16H-CC, 25-27 147.51 10.579 F C R F R F F
198 1207A 17H-1, 77-79 148.08 10.649 F A C R R F F
198 1207A 17H-1, 127-129 148.6 10.709 R A A D R F R R C C
198 1207A 17H-2, 27-29 149.1 10.771 A C D R R R F R C
198 1207A 17H-2, 127-129 150.1 10.893 C F C F C R F C
198 1207A 17H-3, 27-29 150.6 10.954 R F C C R R F
198 1207A 17H-4, 77-79 152.58 11.104 R R C A C D
198 1207A 17H-4, 127-129 153.1 11.124 R R C C R R F R D
198 1207A 17H-5, 77-79 154.1 11.188 ? R R C F F R F R D
198 1207A 17H-6, 27-29 155.1 11.576 A F D R F R F R F C
198 1207A 17H-6, 127-129 156.1 11.766 R R R F F F D
198 1207A 17H-7, 27-29 156.6 11.847 C F F R R D
198 1207A 17H-CC, 22-24 157.01 11.919 R R F F F R R F R D
198 1207A 18H-1, 79-81 157.60 12.015 R R F R F F R A
198 1207A 18H-2, 127-129 159.6 12.123 F R F F R C R D





















































































































































































































































198 1207A 1H-1, 29-31 0.29 0.018 C
198 1207A 1H-1, 80-82 0.81 0.051 R A R
198 1207A 1H-1, 127-129 1.27 0.080 C R C
198 1207A 1H-2, 77-79 2.27 0.144 C R
198 1207A 1H-3, 26-28 3.26 0.206 C F
198 1207A 1H-3, 77-79 3.77 0.238 C F
198 1207A 1H-4, 6-7 4.54 0.287 A F
198 1207A 1H-CC, 19-21 4.72 0.298 R C R F
198 1207A 2H-1, 27-29 5.07 0.321 A C
198 1207A 2H-1, 80-82 5.61 0.355 ? C R F F
198 1207A 2H-1, 127-129 6.07 0.384 A C R
198 1207A 2H-2, 77-79 7.07 0.447 C R
198 1207A 2H-4, 80-82 10.11 0.639 C F C
198 1207A 3H-1, 29-31 14.59 0.900 C R
198 1207A 2H-CC, 28-30 14.61 0.901 C F
198 1207A 3H-1, 81-83 15.12 0.928 A
198 1207A 3H-2, 27-29 16.07 0.978 C C
198 1207A 3H-2, 127-129 17.07 1.100 C C R
198 1207A 3H-3, 27-29 17.57 1.146 C R
198 1207A 3H-3, 78-80 18.09 1.194 C R
198 1207A 3H-4, 111-113 19.92 1.364 D R C
198 1207A 3H-CC, 21-23 24.12 1.754 R C F C F

























































































































































































































































198 1207A 4H-1, 130-132 25.11 1.808 A F
198 1207A 4H-2, 27-29 25.57 1.827 C R F
198 1207A 4H-2, 80-82 26.1 1.849 R
198 1207A 4H-2, 127-129 26.57 1.869 C
198 1207A 4H-4, 77-79 29.08 2.039 F C
198 1207A 4H-4, 81-83 29.12 2.044 C F
198 1207A 4H-5, 27-29 30.07 2.141 A F R C R
198 1207A 4H-5, 77-79 30.57 2.159 D R R F
198 1207A 4H-5, 127-129 31.07 2.176 A A R R R
198 1207A 4H-7, 60-62 33.41 2.254 F C F C C
198 1207A 4H-CC, 13-15 33.79 2.267 C F F R
198 1207A 5H-1, 80-82 34.11 2.278 R C F R
198 1207A 5H-4, 80-82 38.61 2.429 A A F
198 1207A 5H-CC, 6-7 42.81 2.570 F C F R
198 1207A 6H-1, 39-41 43.20 2.585 F C F
198 1207A 6H-1, 77-79 43.58 2.604 F C C R R
198 1207A 6H-4, 77-79 48.08 2.839 C F R
198 1207A 6H-4, 108-110 48.39 2.856 F A F R
198 1207A 6H-5, 27-29 49.07 2.891 R C F R
198 1207A 6H-6, 27-29 50.57 2.969 F C C R
198 1207A 6H-CC, 7-9 52.50 3.073 R c.f. D C
198 1207A 7H-1, 55-57 52.86 3.094 F D R


























































































































































































































































198 1207A 7H-4, 19-21 57.00 3.220 R C F
198 1207A 7H-4, 77-79 57.58 3.256 C R
198 1207A 7H-4, 127-129 58.07 3.287 F F C
198 1207A 7H-5, 77-79 59.07 3.340 C A
198 1207A 7H-5, 127-129 59.57 3.356 F C F
198 1207A 7H-6, 27-29 60.07 3.372 F C
198 1207A 7H-CC, 21-23 61.82 3.430 F F R
198 1207A 8H-1, 27-29 62.07 3.438 C C
198 1207A 8H-1, 77-79 62.58 3.455 R F R C
198 1207A 8H-1, 127-129 63.07 3.471 F F C
198 1207A 8H-2, 77-79 64.07 3.503 C F F R
198 1207A 8H-2, 127-129 64.57 3.520 F F F
198 1207A 8H-3, 77-79 65.57 3.552 C C F
198 1207A 8H-3, 127-129 66.07 3.569 C C F
198 1207A 8H-4, 27-29 66.57 3.585 C F F
198 1207A 8H-4, 77-79 67.08 3.604 F F C
198 1207A 8H-4, 127-129 67.57 3.625 R C F
198 1207A 8H-5, 77-79 68.57 3.670 C C
198 1207A 8H-CC, 11-12 71.40 3.795 ? R R R R F
198 1207A 9H-1, 77-79 72.08 3.825 F R C F
198 1207A 9H-2, 127-129 74.07 3.914 A A C























































































































































































































































198 1207A 9H-3, 127-129 75.57 3.980 C C R
198 1207A 9H-4, 77-79 76.58 4.025 F C C
198 1207A 9H-4, 127-129 77.07 4.047 R F R
198 1207A 9H-5, 27-29 77.57 4.069 R C F R
198 1207A 9H-5, 127-129 78.57 4.113 A C R
198 1207A 9H-6, 27-29 79.07 4.136 C F R
198 1207A 9H-CC, 9-11 80.99 4.215 C C R
198 1207A 10H-1, 27-29 81.07 4.218 F C F R
198 1207A 10H-1, 78-80 81.59 4.236 F C R
198 1207A 10H-4, 114-116 86.45 4.456 F C R
198 1207A 10H-5, 27-29 87.07 4.487 R C R R
198 1207A 10H-5, 77-79 87.57 4.509 F C
198 1207A 10H-6, 27-29 88.57 4.551 C C F
198 1207A 10H-CC, 5-7 90.59 4.642 F C F
198 1207A 11H-1, 78-80 91.09 4.686 F C R
198 1207A 11H-2, 27-29 92.07 4.771 C C R ?
198 1207A 11H-2, 77-79 92.57 4.808 C F R
198 1207A 11H-2, 127-129 93.07 4.833 F C F
198 1207A 11H-3, 77-79 94.07 4.883 F C R R
198 1207A 11H-4, 77-79 95.58 4.947 R R C
198 1207A 11H-CC, 6-8 100.01 5.243 R R
198 1207A 12H-1, 78-80 100.59 5.323 R R R F


































































































































































































































































198 1207A 12H-4, 128-130 105.6 6.012 R C R c.f.
198 1207A 12H-5, 27-29 106.1 6.105 R
198 1207A 12H-6, 27-29 107.6 6.310 R F R R
198 1207A 12H-CC, 19-21 109.30 6.437 F R
198 1207A 13H-1, 27-29 109.6 6.453 ? F
198 1207A 13H-1, 78-80 110.35 6.500 R R R R
198 1207A 13H-1, 127-129 110.6 6.514 R F
198 1207A 13H-2, 27-29 111.1 6.544 R F
198 1207A 13H-2, 78-80 111.6 6.575 R R F
198 1207A 13H-3, 27-29 112.6 6.635 R R F
198 1207A 13H-4, 78-80 114.59 6.803
198 1207A 13H-CC, 25-27 119.01 7.186 R R F
198 1207A 14H-1, 78-80 119.59 7.197 R R
198 1207A 14H-1, 127-129 120.1 7.206 R
198 1207A 14H-2, 127-129 121.6 7.317 F
198 1207A 14H-4, 78-80 124.09 7.502 F
198 1207A 14H-CC, 22-24 128.44 8.020
198 1207A 15H-1, 77-79 129.08 8.114
198 1207A 15H-2, 77-79 130.6 8.236
198 1207A 15H-3, 77-79 132.1 8.294 C
198 1207A 15H-3, 127-129 132.6 8.363 D
























































































































































































































































198 1207A 15H-CC, 24-26 138.05 9.368 C
198 1207A 16H-1, 77-79 138.58 9.452 R
198 1207A 16H-3, 27-29 141.1 9.759 R
198 1207A 16H-4, 78-80 143.09 10.038 R
198 1207A 16H-5, 127-129 145.1 10.280
198 1207A 16H-CC, 25-27 147.51 10.579 R
198 1207A 17H-1, 77-79 148.08 10.649
198 1207A 17H-1, 127-129 148.6 10.709
198 1207A 17H-2, 27-29 149.1 10.771 R
198 1207A 17H-2, 127-129 150.1 10.893 C R R ?
198 1207A 17H-3, 27-29 150.6 10.954 C
198 1207A 17H-4, 77-79 152.58 11.104 A
198 1207A 17H-4, 127-129 153.1 11.124 R C R
198 1207A 17H-5, 77-79 154.1 11.188 C ?
198 1207A 17H-6, 27-29 155.1 11.576 R R
198 1207A 17H-6, 127-129 156.1 11.766 R F ?
198 1207A 17H-7, 27-29 156.6 11.847 F R R C ?
198 1207A 17H-CC, 22-24 157.01 11.919 F C
198 1207A 18H-1, 79-81 157.60 12.015 F F C
198 1207A 18H-2, 127-129 159.6 12.123 F R C R


















































































































































































































































198 1207A 1H-1, 29-31 0.29 0.018 R F R R C D R R
198 1207A 1H-1, 80-82 0.81 0.051 R R R R A D F R
198 1207A 1H-1, 127-129 1.27 0.080 R F R F D R F
198 1207A 1H-2, 77-79 2.27 0.144 R R R R R C A C R
198 1207A 1H-3, 26-28 3.26 0.206 R R R R F D F R
198 1207A 1H-3, 77-79 3.77 0.238 R F R F D R
198 1207A 1H-4, 6-7 4.54 0.287 R R F R D C
198 1207A 1H-CC, 19-21 4.72 0.298 F R R R F F R D A
198 1207A 2H-1, 27-29 5.07 0.321 R R R R R F D F R
198 1207A 2H-1, 80-82 5.61 0.355 R R R F D C R ?
198 1207A 2H-1, 127-129 6.07 0.384 F R R F D A
198 1207A 2H-2, 77-79 7.07 0.447 R F R F C D A R
198 1207A 2H-4, 80-82 10.11 0.639 F R R F R C D F R
198 1207A 3H-1, 29-31 14.59 0.900 R R F F A F
198 1207A 2H-CC, 28-30 14.61 0.901 R R R R R F D C R R
198 1207A 3H-1, 81-83 15.12 0.928 R F R F R R F A D R
198 1207A 3H-2, 27-29 16.07 0.978 R R R D F R
198 1207A 3H-2, 127-129 17.07 1.100 R R F R R F A
198 1207A 3H-3, 27-29 17.57 1.146 R R R R R R R A F
198 1207A 3H-3, 78-80 18.09 1.194 R R R R R ? C A F
198 1207A 3H-4, 111-113 19.92 1.364 R F ? R R R A
198 1207A 3H-CC, 21-23 24.12 1.754 ? R F R A R F C R






















































































































































































































































198 1207A 4H-1, 130-132 25.11 1.808 F R R F R D C R
198 1207A 4H-2, 27-29 25.57 1.827 R R F R R R F C A F
198 1207A 4H-2, 80-82 26.1 1.849 R R R F R F F C D F R
198 1207A 4H-2, 127-129 26.57 1.869 F F F R R F F C D F R
198 1207A 4H-4, 77-79 29.08 2.039 R R R R R C F R D A R
198 1207A 4H-4, 81-83 29.12 2.044 F F F R R C F R D A R R
198 1207A 4H-5, 27-29 30.07 2.141 R F R R R R A F R D F R
198 1207A 4H-5, 77-79 30.57 2.159 R R R R R R D F F R
198 1207A 4H-5, 127-129 31.07 2.176 R R R R D C C R C
198 1207A 4H-7, 60-62 33.41 2.254 F F R R C C A D ?
198 1207A 4H-CC, 13-15 33.79 2.267 R R R C F D D
198 1207A 5H-1, 80-82 34.11 2.278 R R C F D A
198 1207A 5H-4, 80-82 38.61 2.429 R R R A R C D
198 1207A 5H-CC, 6-7 42.81 2.570 R R R R A R D A
198 1207A 6H-1, 39-41 43.20 2.585 F R R R C R F A C
198 1207A 6H-1, 77-79 43.58 2.604 R R R F C R A
198 1207A 6H-4, 77-79 48.08 2.839 R ? R R F C F C
198 1207A 6H-4, 108-110 48.39 2.856 C F A F
198 1207A 6H-5, 27-29 49.07 2.891 R R C F F F
198 1207A 6H-6, 27-29 50.57 2.969 R R R C F F F
198 1207A 6H-CC, 7-9 52.50 3.073 R R R R A F C F
198 1207A 7H-1, 55-57 52.86 3.094 R R R R C F A F























































































































































































































































198 1207A 7H-4, 19-21 57.00 3.220 R R A R C R
198 1207A 7H-4, 77-79 57.58 3.256 F R A R R A F
198 1207A 7H-4, 127-129 58.07 3.287 R R R F C D R
198 1207A 7H-5, 77-79 59.07 3.340 R F F C
198 1207A 7H-5, 127-129 59.57 3.356 R R F C D R
198 1207A 7H-6, 27-29 60.07 3.372 R F R C
198 1207A 7H-CC, 21-23 61.82 3.430 R R A R D C R
198 1207A 8H-1, 27-29 62.07 3.438 F F F A
198 1207A 8H-1, 77-79 62.58 3.455 R R R F D F
198 1207A 8H-1, 127-129 63.07 3.471 R R R F R A R
198 1207A 8H-2, 77-79 64.07 3.503 R F R F F A
198 1207A 8H-2, 127-129 64.57 3.520 R C F A
198 1207A 8H-3, 77-79 65.57 3.552 F F C F
198 1207A 8H-3, 127-129 66.07 3.569 F R A F
198 1207A 8H-4, 27-29 66.57 3.585 R F D
198 1207A 8H-4, 77-79 67.08 3.604 R R R F F A F
198 1207A 8H-4, 127-129 67.57 3.625 R R R F R F
198 1207A 8H-5, 77-79 68.57 3.670 R R F F D F
198 1207A 8H-CC, 11-12 71.40 3.795 R R F C R R A F
198 1207A 9H-1, 77-79 72.08 3.825 R R R R F R R C R
198 1207A 9H-2, 127-129 74.07 3.914 C C




















































































































































































































































198 1207A 9H-3, 127-129 75.57 3.980 R R C D
198 1207A 9H-4, 77-79 76.58 4.025 R F R R D F
198 1207A 9H-4, 127-129 77.07 4.047 R R R R F F D F
198 1207A 9H-5, 27-29 77.57 4.069 R R C D R
198 1207A 9H-5, 127-129 78.57 4.113 R F C D
198 1207A 9H-6, 27-29 79.07 4.136 R F A F
198 1207A 9H-CC, 9-11 80.99 4.215 R R F A F
198 1207A 10H-1, 27-29 81.07 4.218 R R F D
198 1207A 10H-1, 78-80 81.59 4.236 R F D
198 1207A 10H-4, 114-116 86.45 4.456 R F F F C D
198 1207A 10H-5, 27-29 87.07 4.487 R R R R F R F
198 1207A 10H-5, 77-79 87.57 4.509 R R F D R
198 1207A 10H-6, 27-29 88.57 4.551
198 1207A 10H-CC, 5-7 90.59 4.642 R R F F A C
198 1207A 11H-1, 78-80 91.09 4.686 R R R R D F
198 1207A 11H-2, 27-29 92.07 4.771 R R R A
198 1207A 11H-2, 77-79 92.57 4.808 R R R R
198 1207A 11H-2, 127-129 93.07 4.833 F R F R D F
198 1207A 11H-3, 77-79 94.07 4.883 R R R F F D F
198 1207A 11H-4, 77-79 95.58 4.947 F R R F R D F R
198 1207A 11H-CC, 6-8 100.01 5.243 R F R R R R F R D F
198 1207A 12H-1, 78-80 100.59 5.323 R F R F R F C R A C
































































































































































































































































198 1207A 12H-4, 128-130 105.6 6.012 F R R R R F A
198 1207A 12H-5, 27-29 106.1 6.105 R R R R R R R F
198 1207A 12H-6, 27-29 107.6 6.310 R R R F A
198 1207A 12H-CC, 19-21 109.30 6.437 R R R A D
198 1207A 13H-1, 27-29 109.6 6.453 F R C R A D
198 1207A 13H-1, 78-80 110.35 6.500 F A D
198 1207A 13H-1, 127-129 110.6 6.514 C R F C A D
198 1207A 13H-2, 27-29 111.1 6.544 R A D
198 1207A 13H-2, 78-80 111.6 6.575 F A D
198 1207A 13H-3, 27-29 112.6 6.635 R F D
198 1207A 13H-4, 78-80 114.59 6.803 F A D
198 1207A 13H-CC, 25-27 119.01 7.186 R R R F A D
198 1207A 14H-1, 78-80 119.59 7.197 R R F R F D
198 1207A 14H-1, 127-129 120.1 7.206 F D
198 1207A 14H-2, 127-129 121.6 7.317 R R F D
198 1207A 14H-4, 78-80 124.09 7.502 F F
198 1207A 14H-CC, 22-24 128.44 8.020 F
198 1207A 15H-1, 77-79 129.08 8.114 F
198 1207A 15H-2, 77-79 130.6 8.236 F C
198 1207A 15H-3, 77-79 132.1 8.294
198 1207A 15H-3, 127-129 132.6 8.363




















































































































































































































































198 1207A 15H-CC, 24-26 138.05 9.368 F
198 1207A 16H-1, 77-79 138.58 9.452 R R F
198 1207A 16H-3, 27-29 141.1 9.759 R F F
198 1207A 16H-4, 78-80 143.09 10.038 R R F
198 1207A 16H-5, 127-129 145.1 10.280 R A
198 1207A 16H-CC, 25-27 147.51 10.579 R R c.f. C R
198 1207A 17H-1, 77-79 148.08 10.649
198 1207A 17H-1, 127-129 148.6 10.709 R
198 1207A 17H-2, 27-29 149.1 10.771
198 1207A 17H-2, 127-129 150.1 10.893 R
198 1207A 17H-3, 27-29 150.6 10.954 R
198 1207A 17H-4, 77-79 152.58 11.104 F
198 1207A 17H-4, 127-129 153.1 11.124 F R R R
198 1207A 17H-5, 77-79 154.1 11.188 C A
198 1207A 17H-6, 27-29 155.1 11.576 R
198 1207A 17H-6, 127-129 156.1 11.766 C R R ?
198 1207A 17H-7, 27-29 156.6 11.847 R C
198 1207A 17H-CC, 22-24 157.01 11.919 R c.f.
198 1207A 18H-1, 79-81 157.60 12.015 R A F
198 1207A 18H-2, 127-129 159.6 12.123 R C R
























APPENDIX F  
HOLE 1208A PLANKTIC FORAMINIFERAL BIOSTRATIGRAPHY 
The following table contains the ranges of planktic foraminiferal species 
identified at Ocean Drilling Program Hole 1208A against sample identifier, the midpoint 
depth of the sample, the age of each sample calculated using the age model in Appendix 
D, and the biozones defined in Chapter 2. Primary marker species used to construct 
biozones are highlighted in light blue. Relative abundance of each species in each sample 
is indicated as follows: R, rare (<1%); F, few (1-5%); C, common (5-10%); A, abundant 
(10-30%); and D, dominant (>30%). m indicates older specimens that are mixed into 
younger samples; ? indicates questionable occurrences; X indicates the species was 
recovered, but due to dissolution a relative abundance could not be determined; c.f. 




























































































































































































































































198 1208A 1H-1, 77-79 0.78 0.0142 R R R D
198 1208A 1H-3, 77-79 3.78 0.0688 R A R R R D
198 1208A 2H-1, 77-79 5.48 0.0997 R R R F
198 1208A 2H-3, 77-79 8.48 0.1543 A F
198 1208A 2H-5, 77-79 11.48 0.2089 A R R
198 1208A 2H-7, 73-75 13.94 0.2537 A R R
198 1208A 3H-2, 77-79 16.48 0.2999 C ? F
198 1208A 3H-3, 77-79 17.98 0.3272 R R R D R
198 1208A 3H-4, 77-79 19.48 0.3545 C ? R F R
198 1208A 3H-5, 77-79 20.98 0.3818 R ? R R R
198 1208A 3H-6, 77-79 22.48 0.4091 C R R R F R F F
198 1208A 4H-1, 77-79 24.48 0.4455 R R R R R R D
198 1208A 4H-3, 77-79 27.48 0.5000 F F R R
198 1208A 4H-4, 77-79 28.98 0.5273 C
198 1208A 4H-5, 77-79 30.48 0.5546 R R
198 1208A 5H-1, 77-79 33.98 0.6183 R R R R R A
198 1208A 5H-2, 77-79 35.48 0.6456 C R F F
198 1208A 5H-3, 77-79 36.98 0.6729 A R R R R
198 1208A 5H-5, 77-79 39.98 0.7275 F R R R C
198 1208A 5H-7, 75-77 42.96 0.7819 R R
198 1208A 6H-2, 75-77 44.96 0.8248 R C R F ? R R C
198 1208A 6H-3, 75-77 46.46 0.8569 C R R R F










































































































































































































































































198 1208A 6H-6, 75-77 50.96 0.9535 R R F
198 1208A 7H-1, 75-77 52.96 0.9980 C R R F
198 1208A 7H-2, 75-77 54.46 1.0364 R A R F R
198 1208A 7H-3, 75-77 55.96 1.0747 F R R F R F
198 1208A 7H-5, 75-77 58.96 1.1473 F R R R
198 1208A 8H-1, 75-77 62.46 1.2320 F C R R C
198 1208A 8H-3, 75-77 65.46 1.3047 R R R R R R R
198 1208A 8H-5, 75-77 68.46 1.3773 F R F R R R
198 1208A 8H-6, 75-77 69.96 1.4136 F R R R R
198 1208A 9H-1, 75-77 71.96 1.4620 C R F R F F A
198 1208A 9H-2, 75-77 73.46 1.4984 C R R R F
198 1208A 9H-3, 75-77 74.96 1.5347 C R F R C
198 1208A 9H-4, 77-80 76.48 1.5715 C R R R R R F
198 1208A 9H-5, 75-77 77.96 1.6073 C R F R F F
198 1208A 9H-6, 75-77 79.46 1.6436 C R R F ?
198 1208A 10H-1, 77-79 81.48 1.6925 R C F R F C R R D
198 1208A 10H-4, 77-79 85.98 1.7988 C R F R R F c.f.
198 1208A 10H-6, 75-77 88.96 1.8626 R ? R F
198 1208A 10H-7, 75-77 90.46 1.8947 R C R R R F R
198 1208A 11H-1, 75-77 90.96 1.9054 F R R R F C
198 1208A 11H-1, 77-79 90.98 1.9058 R C R R


































































































































































































































































198 1208A 11H-4, 75-77 95.46 2.0138 F R C
198 1208A 11H-5, 75-77 96.96 2.0527 R R R
198 1208A 12H-1, 77-79 100.48 2.1388 R F C
198 1208A 12H-3, 75-77 103.46 2.2055 F R F R
198 1208A 12H-5, 75-77 106.46 2.2760 R R
198 1208A 12H-6, 75-77 107.96 2.3112 F R R R F
198 1208A 13H-1, 75-77 109.96 2.3582 R R R R F F
198 1208A 13H-2, 75-77 111.46 2.3934 C R R F
198 1208A 13H-3, 75-77 112.96 2.4286 C R R R R F R
198 1208A 13H-5, 75-77 115.96 2.4990 ?
198 1208A 13H-6, 75-77 117.46 2.5343 A F C
198 1208A 14H-1, 75-77 119.46 2.5812 R R R
198 1208A 14H-2, 75-77 120.96 2.6181 C R R R R F
198 1208A 14H-3, 75-77 122.46 2.6550 R C R R F
198 1208A 14H-4, 75-77 123.96 2.6918 R F R R F
198 1208A 14H-5, 75-77 125.46 2.7287 D R R R C
198 1208A 14H-6, 75-77 126.96 2.7656 F R R
198 1208A 15H-1, 77-79 128.98 2.8152 R F R R F
198 1208A 15H-2, 75-77 130.46 2.8516 R F
198 1208A 15H-3, 75-77 131.96 2.8885 C F F F F
198 1208A 15H-4, 75-77 133.46 2.9253 C F R F
198 1208A 15H-5, 75-77 134.96 2.9622 F R R R R F



























































































































































































































































198 1208A 16H-1, 75-77 138.46 3.0515 R F F R R
198 1208A 16H-2, 75-77 139.96 3.0959 c.f. F R R ? R
198 1208A 16H-3, 75-77 141.46 3.1349 C R R R F
198 1208A 16H-4, 77-79 142.98 3.1700 F R R
198 1208A 16H-5, 75-77 144.46 3.2042 R R
198 1208A 16H-6, 75-77 145.96 3.2604 C R R
198 1208A 16H-7, 75-77 147.46 3.3184 R F F R R
198 1208A 17H-1, 78-80 147.99 3.3367 F F R
198 1208A 17H-2, 75-77 149.46 3.3796 R C F
198 1208A 17H-3, 75-77 150.96 3.4233 ? R R R R
198 1208A 17H-4, 78-80 152.49 3.4680 R C R C R
198 1208A 17H-5, 77-79 153.98 3.5114 C F R R F
198 1208A 17H-7, 77-79 156.98 3.5998 C F R
198 1208A 18H-1, 77-79 157.48 3.6188 R C R R ? R
198 1208A 18H-2, 77-79 158.98 3.6760 R F F F R F
198 1208A 18H-3, 77-79 160.48 3.7331 R R R R
198 1208A 18H-4, 77-79 161.98 3.7900 R F F R C R R R
198 1208A 18H-5, 77-79 163.48 3.8473 R A C F F R F F R
198 1208A 18H-6, 77-79 164.98 3.9044 C R R R F R
198 1208A 19H-1, 27-29 166.47 3.9612 C F F
198 1208A 19H-1, 77-79 166.98 3.9806 R ? R F
198 1208A 19H-2, 77-79 168.48 4.0377 R R R R








































































































































































































































































198 1208A 19H-3, 77-79 169.98 4.0948 F R
198 1208A 19H-4, 77-79 171.48 4.1520 R R R R
198 1208A 19H-5, 77-79 172.98 4.2031
198 1208A 19H-6, 77-79 174.48 4.2447 C
198 1208A 19H-6, 127-129 174.97 4.2584 F R
198 1208A 20H-1, 77-79 176.48 4.3003 C R F F
198 1208A 20H-2, 77-79 177.98 4.3480 X X X X X
198 1208A 20H-3, 77-79 179.48 4.3962 C F C R R
198 1208A 20H-4, 77-79 180.98 4.4441 R C R F F C
198 1208A 20H-5, 77-79 182.48 4.4920 R F R R
198 1208A 20H-6, 77-79 183.98 4.5618 R R R
198 1208A 20H-7, 77-79 185.48 4.6319 C F
198 1208A 20H-CC 185.49 4.6320 X X X X X
198 1208A 21X-1, 77-79 185.98 4.6539
198 1208A 21X-2, 77-79 187.48 4.7198 X
198 1208A 21X-3, 77-79 188.98 4.7858 X X
198 1208A 21X-CC 190.94 4.8921 F C F R
198 1208A 22X-1, 27-29 190.67 4.8769 F R R
198 1208A 22X-1, 77-79 191.2 4.9016 C C F F C
198 1208A 22x-2, 77-79 192.7 4.9508 R C F F
198 1208A 22X-2, 127-129 193.2 4.9668 R
198 1208A 22X-3, 77-79 194.2 5.0006 R






























































































































































































































































































198 1208A 22X-5, 77-79 197.2 5.1206 C F
198 1208A 22X-6, 77-79 198.7 5.1806 C F F R
198 1208A 22X-7, 61-63 199.7 5.2222 X
198 1208A 23X-1, 77-79 200.9 5.2758 X X
198 1208A 23X-2, 77-79 202.4 5.3487 X X
198 1208A 23X-3, 77-79 203.9 5.4215 C F F F F
198 1208A 23X-4, 78-80 205.4 5.4948 X X X X
198 1208A 23X-5, 77-79 206.9 5.5670
198 1208A 23X-6, 77-79 207.9 5.6158 X X
198 1208A 23X-CC 208 5.6192 X X X
198 1208A 24X-1, 77-79 210.6 5.7469 X X X ? X
198 1208A 24X-2, 77-79 212.1 5.8198 X X
198 1208A 24X-3, 77-79 213.6 5.8926
198 1208A 24X-4, 77-79 215.1 5.9655
198 1208A 24X-5, 77-79 216.6 6.0378 X X X ? X
198 1208A 24X-5, 127--129 217.1 6.0591 X
198 1208A 24X-6, 77-79 218.1 6.1030 X X
198 1208A 24X-CC 218.7 6.1316
198 1208A 25X-1, 77-79 220.2 6.1942 X X X
198 1208A 25X-2, 77-79 221.7 6.2943 X
198 1208A 25X-3, 77-79 223.2 6.4662 X X
198 1208A 25X-4, 77-79 224.4 6.5052 X X































































































































































































































































198 1208A 25X-CC 224.5 6.5094 m arg X X X X X X
198 1208A 26X-1, 27-29 229.4 6.6674
198 1208A 26X-1, 77-79 229.9 6.6839
198 1208A 26X-3, 77-79 232.9 6.8877 X
198 1208A 26X-4, 77-79 234.4 7.0434 X X X
198 1208A 26X-5, 27-29 234.8 7.0891 X X X
198 1208A 26X-5, 77-79 235.3 7.1403 X
198 1208A 26X-CC 235.4 7.1413
198 1208A 27X-1, 27-29 239 7.1925 X X X
198 1208A 27X-1, 77-79 239.5 7.1998 X X X X X
198 1208A 27X-1, 127-129 240 7.2068 X
198 1208A 27X-2, 77-79 241 7.5227 X X X X
198 1208A 27X-2, 127-129 241.5 7.5873 X
198 1208A 27X-3, 77-79 242.5 7.6728 X
198 1208A 27X-4, 77-79 244 7.7493
198 1208A 27X-5, 77-79 245.5 7.8284
198 1208A 27X-CC 246.1 7.8590 ? X X
198 1208A 28X-1, 77-79 248.9 8.0078
198 1208A 28X-2, 77-79 250.4 8.0869 X X
198 1208A 28X-2, 127-129 250.9 8.1217 X
198 1208A 28X-3, 77-79 251.9 8.2629 X
198 1208A 28X-5, 77-79 254.9 8.6220 X X X





























































































































































































































































198 1208A 28X-6, 77-79 256.4 8.7982
198 1208A 28X-CC 256.5 8.8054 X X
198 1208A 29X-1, 76-78 258.6 8.9552 X
198 1208A 29X-3, 27-29 261.1 9.1502 X X X X X
198 1208A 29X-3, 77-79 261.6 9.2063 X X X X X X
198 1208A 29X-5, 78-80 264.6 9.5014 X X X X
198 1208A 29X-6, 27-29 265.4 9.6047 X X
198 1208A 29X-6, 55-57 265.7 9.6430 X X X X
198 1208A 29X-CC 265.7 9.6473 X X X X
198 1208A 30X-2, 81-83 269.7 9.8221 X ? X X
198 1208A 30X-3, 77-79 271.2 9.9009 X X
198 1208A 30X-5, 51-53 273.9 10.1630 X X X X X
198 1208A 30X-CC 274 10.1674 X X X X X
198 1208A 31X-1, 77-79 277.8 10.5844 X X X
198 1208A 31X-1, 127-129 278.3 10.6379 X X X
198 1208A 31X-2, 79-81 279.3 10.7503 X X
198 1208A 31X-3, 77-79 280.8 10.9119 X X
198 1208A 31X-3, 127-129 281.3 10.9654 X  X
198 1208A 31X-5, 77-79 283.8 11.0860
198 1208A 31X-6, 76-78 284.8 11.1037 X X X
198 1208A 31X-CC 284.8 11.1040 X X X ? X
198 1208A 32X-1, 76-78 287.4 11.1636















































































































































































































































































198 1208A 32X-3, 77-79 290.4 11.5761
198 1208A 32X-5, 77-79 293.4 12.1303
198 1208A 32X-6, 77-79 294.9 12.1919 X X X
198 1208A 32X-CC 295.2 12.1978 X X X
198 1208A 33X-2, 77-79 298.2 12.2613 X X X X
198 1208A 33X-3, 77-79 299.7 12.4813 X X X
198 1208A 33X-4, 74-76 301.2 12.6961 X X X
198 1208A 33X-5, 77-79 302.7 12.9197 X X X
198 1208A 33X-6, 48-50 303.9 13.0965 X X
198 1208A 33X-CC 303.9 13.1038 X X
198 1208A 34X-2, 77-79 307.9 13.6796 X X
198 1208A 34X-3, 77-79 309.4 13.8988 X X X X X X X
198 1208A 34X-4, 77-79 310.9 14.1179
198 1208A 34X-6, 77-79 313.9 14.5564
198 1208A 35X-1, 77-79 316.1 14.8779 X X X ? X

































































































































































































































































































198 1208A 1H-1, 77-79 0.78 0.0142 R A R R D
198 1208A 1H-3, 77-79 3.78 0.0688 R D F R D
198 1208A 2H-1, 77-79 5.48 0.0997 D R R R A
198 1208A 2H-3, 77-79 8.48 0.1543 A R A
198 1208A 2H-5, 77-79 11.48 0.2089 F R A
198 1208A 2H-7, 73-75 13.94 0.2537 R R R
198 1208A 3H-2, 77-79 16.48 0.2999 C C
198 1208A 3H-3, 77-79 17.98 0.3272 R D R R D
198 1208A 3H-4, 77-79 19.48 0.3545 F R R
198 1208A 3H-5, 77-79 20.98 0.3818 R R R R F
198 1208A 3H-6, 77-79 22.48 0.4091 ? C R R R
198 1208A 4H-1, 77-79 24.48 0.4455 R c.f. F R R D
198 1208A 4H-3, 77-79 27.48 0.5000 R R
198 1208A 4H-4, 77-79 28.98 0.5273 R F
198 1208A 4H-5, 77-79 30.48 0.5546 R R R
198 1208A 5H-1, 77-79 33.98 0.6183 c.f. F R F D
198 1208A 5H-2, 77-79 35.48 0.6456 R R C
198 1208A 5H-3, 77-79 36.98 0.6729 R R R A
198 1208A 5H-5, 77-79 39.98 0.7275 R c.f. R R R R A
198 1208A 5H-7, 75-77 42.96 0.7819 R
198 1208A 6H-2, 75-77 44.96 0.8248 R F R F R
198 1208A 6H-3, 75-77 46.46 0.8569 R R C






























































































































































































































































198 1208A 6H-6, 75-77 50.96 0.9535 R R ? F
198 1208A 7H-1, 75-77 52.96 0.9980 F R R F
198 1208A 7H-2, 75-77 54.46 1.0364 R R R
198 1208A 7H-3, 75-77 55.96 1.0747 R R C F F F
198 1208A 7H-5, 75-77 58.96 1.1473 R R R F
198 1208A 8H-1, 75-77 62.46 1.2320 R F F C D R
198 1208A 8H-3, 75-77 65.46 1.3047 ? R R R D
198 1208A 8H-5, 75-77 68.46 1.3773 R A
198 1208A 8H-6, 75-77 69.96 1.4136 R R R C
198 1208A 9H-1, 75-77 71.96 1.4620 R F R F D R
198 1208A 9H-2, 75-77 73.46 1.4984 R R R C
198 1208A 9H-3, 75-77 74.96 1.5347 R R R R A
198 1208A 9H-4, 77-80 76.48 1.5715 R R F A
198 1208A 9H-5, 75-77 77.96 1.6073 R R R R F D
198 1208A 9H-6, 75-77 79.46 1.6436 F R R F C
198 1208A 10H-1, 77-79 81.48 1.6925 R D R C R A R
198 1208A 10H-4, 77-79 85.98 1.7988 R R R R F A R
198 1208A 10H-6, 75-77 88.96 1.8626 R R R F A
198 1208A 10H-7, 75-77 90.46 1.8947 F R R R C
198 1208A 11H-1, 75-77 90.96 1.9054 D F F R A
198 1208A 11H-1, 77-79 90.98 1.9058 F R R R C






















































































































































































































































198 1208A 11H-4, 75-77 95.46 2.0138 F R F D
198 1208A 11H-5, 75-77 96.96 2.0527 R R R A
198 1208A 12H-1, 77-79 100.48 2.1388 R R C R F R D
198 1208A 12H-3, 75-77 103.46 2.2055 R A
198 1208A 12H-5, 75-77 106.46 2.2760 R R F
198 1208A 12H-6, 75-77 107.96 2.3112 F R R R D
198 1208A 13H-1, 75-77 109.96 2.3582 F F R R D
198 1208A 13H-2, 75-77 111.46 2.3934 R F F A
198 1208A 13H-3, 75-77 112.96 2.4286 F F R R R D R
198 1208A 13H-5, 75-77 115.96 2.4990 R C
198 1208A 13H-6, 75-77 117.46 2.5343 R F F R R F A
198 1208A 14H-1, 75-77 119.46 2.5812 R C R A
198 1208A 14H-2, 75-77 120.96 2.6181 R R R F R C D
198 1208A 14H-3, 75-77 122.46 2.6550 R F R R D
198 1208A 14H-4, 75-77 123.96 2.6918 R R R R R R D
198 1208A 14H-5, 75-77 125.46 2.7287 R F R C R R D
198 1208A 14H-6, 75-77 126.96 2.7656 R F F D
198 1208A 15H-1, 77-79 128.98 2.8152 R A F R D R
198 1208A 15H-2, 75-77 130.46 2.8516 R R R A
198 1208A 15H-3, 75-77 131.96 2.8885 R F F F D
198 1208A 15H-4, 75-77 133.46 2.9253 ? F R R R D
198 1208A 15H-5, 75-77 134.96 2.9622 F F R R F D















































































































































































































































198 1208A 16H-1, 75-77 138.46 3.0515 F R R R R A
198 1208A 16H-2, 75-77 139.96 3.0959 R R R R R A
198 1208A 16H-3, 75-77 141.46 3.1349 C F R R D
198 1208A 16H-4, 77-79 142.98 3.1700 F R C
198 1208A 16H-5, 75-77 144.46 3.2042 R F
198 1208A 16H-6, 75-77 145.96 3.2604 F F D
198 1208A 16H-7, 75-77 147.46 3.3184 F F R D R
198 1208A 17H-1, 78-80 147.99 3.3367 C A
198 1208A 17H-2, 75-77 149.46 3.3796 F F F D
198 1208A 17H-3, 75-77 150.96 3.4233 R F R D
198 1208A 17H-4, 78-80 152.49 3.4680 F C F D
198 1208A 17H-5, 77-79 153.98 3.5114 R C C ? D
198 1208A 17H-7, 77-79 156.98 3.5998 R R F R D
198 1208A 18H-1, 77-79 157.48 3.6188 R C R R D
198 1208A 18H-2, 77-79 158.98 3.6760 ? F F R D
198 1208A 18H-3, 77-79 160.48 3.7331 R R R A
198 1208A 18H-4, 77-79 161.98 3.7900 R F F F F R C
198 1208A 18H-5, 77-79 163.48 3.8473 F C R C R C
198 1208A 18H-6, 77-79 164.98 3.9044 R F R C
198 1208A 19H-1, 27-29 166.47 3.9612 R R R R R D
198 1208A 19H-1, 77-79 166.98 3.9806 R C C R C D
198 1208A 19H-2, 77-79 168.48 4.0377 F F R C F F D



























































































































































































































































198 1208A 19H-3, 77-79 169.98 4.0948 C F F
198 1208A 19H-4, 77-79 171.48 4.1520 F C D
198 1208A 19H-5, 77-79 172.98 4.2031 R C C F R F F
198 1208A 19H-6, 77-79 174.48 4.2447 F A F
198 1208A 19H-6, 127-129 174.97 4.2584 C
198 1208A 20H-1, 77-79 176.48 4.3003 C R C D
198 1208A 20H-2, 77-79 177.98 4.3480 X X X X X X
198 1208A 20H-3, 77-79 179.48 4.3962 R C C R C R R
198 1208A 20H-4, 77-79 180.98 4.4441 C A C C C C
198 1208A 20H-5, 77-79 182.48 4.4920 F R R
198 1208A 20H-6, 77-79 183.98 4.5618 F R R F
198 1208A 20H-7, 77-79 185.48 4.6319 C R R R D
198 1208A 20H-CC 185.49 4.6320 X X X X X
198 1208A 21X-1, 77-79 185.98 4.6539 X
198 1208A 21X-2, 77-79 187.48 4.7198 X
198 1208A 21X-3, 77-79 188.98 4.7858 X X
198 1208A 21X-CC 190.94 4.8921 R C F C
198 1208A 22X-1, 27-29 190.67 4.8769 R R R C
198 1208A 22X-1, 77-79 191.2 4.9016 F F A R C R D
198 1208A 22x-2, 77-79 192.7 4.9508 R C A F C D
198 1208A 22X-2, 127-129 193.2 4.9668 C F
198 1208A 22X-3, 77-79 194.2 5.0006 C C F D


















































































































































































































































































198 1208A 22X-5, 77-79 197.2 5.1206 R C C R R C
198 1208A 22X-6, 77-79 198.7 5.1806 F C F F F D
198 1208A 22X-7, 61-63 199.7 5.2222 X X X X
198 1208A 23X-1, 77-79 200.9 5.2758 X X X X X X
198 1208A 23X-2, 77-79 202.4 5.3487 X X
198 1208A 23X-3, 77-79 203.9 5.4215 C R F A F D
198 1208A 23X-4, 78-80 205.4 5.4948 X X X X X
198 1208A 23X-5, 77-79 206.9 5.5670
198 1208A 23X-6, 77-79 207.9 5.6158 X X
198 1208A 23X-CC 208 5.6192 X X X X X
198 1208A 24X-1, 77-79 210.6 5.7469 X X X X X X
198 1208A 24X-2, 77-79 212.1 5.8198 X X X
198 1208A 24X-3, 77-79 213.6 5.8926 X X
198 1208A 24X-4, 77-79 215.1 5.9655 X
198 1208A 24X-5, 77-79 216.6 6.0378 X X X X X
198 1208A 24X-5, 127--129 217.1 6.0591 X X X X X X
198 1208A 24X-6, 77-79 218.1 6.1030 X X X X X X
198 1208A 24X-CC 218.7 6.1316 X X X
198 1208A 25X-1, 77-79 220.2 6.1942 X X X X X
198 1208A 25X-2, 77-79 221.7 6.2943 X X X X
198 1208A 25X-3, 77-79 223.2 6.4662 X X X X X
198 1208A 25X-4, 77-79 224.4 6.5052 X X X X X X



















































































































































































































































198 1208A 25X-CC 224.5 6.5094 marg X X X X X X X X
198 1208A 26X-1, 27-29 229.4 6.6674 X X X X X
198 1208A 26X-1, 77-79 229.9 6.6839 X X X
198 1208A 26X-3, 77-79 232.9 6.8877 X X X X X X
198 1208A 26X-4, 77-79 234.4 7.0434 X X X X X
198 1208A 26X-5, 27-29 234.8 7.0891 X X X X X X X
198 1208A 26X-5, 77-79 235.3 7.1403 X X X X X
198 1208A 26X-CC 235.4 7.1413 X X X X X X X X X
198 1208A 27X-1, 27-29 239 7.1925 X X X X X X X X
198 1208A 27X-1, 77-79 239.5 7.1998 X X X X X X
198 1208A 27X-1, 127-129 240 7.2068 X X X X X X X X
198 1208A 27X-2, 77-79 241 7.5227 X X X X X X
198 1208A 27X-2, 127-129 241.5 7.5873 X X X X X X
198 1208A 27X-3, 77-79 242.5 7.6728 X X X X
198 1208A 27X-4, 77-79 244 7.7493 X X
198 1208A 27X-5, 77-79 245.5 7.8284 X
198 1208A 27X-CC 246.1 7.8590 X X X X X X X X
198 1208A 28X-1, 77-79 248.9 8.0078 X X X X
198 1208A 28X-2, 77-79 250.4 8.0869 X X X X X
198 1208A 28X-2, 127-129 250.9 8.1217 X X X X X X
198 1208A 28X-3, 77-79 251.9 8.2629 X X
198 1208A 28X-5, 77-79 254.9 8.6220 X X X X X X X X

















































































































































































































































198 1208A 28X-6, 77-79 256.4 8.7982
198 1208A 28X-CC 256.5 8.8054 X X X X X
198 1208A 29X-1, 76-78 258.6 8.9552 X X X X
198 1208A 29X-3, 27-29 261.1 9.1502 X X X X X X X X
198 1208A 29X-3, 77-79 261.6 9.2063 X X X X X X ? X X X
198 1208A 29X-5, 78-80 264.6 9.5014 X X X X X
198 1208A 29X-6, 27-29 265.4 9.6047 X
198 1208A 29X-6, 55-57 265.7 9.6430 X X X X ? X X X
198 1208A 29X-CC 265.7 9.6473 X X X ? X
198 1208A 30X-2, 81-83 269.7 9.8221 X X X X X X
198 1208A 30X-3, 77-79 271.2 9.9009 X X X X X
198 1208A 30X-5, 51-53 273.9 10.1630 X X X X X X X
198 1208A 30X-CC 274 10.1674 X X X X X X X
198 1208A 31X-1, 77-79 277.8 10.5844 X X X X X X X
198 1208A 31X-1, 127-129 278.3 10.6379 X X X X X X X
198 1208A 31X-2, 79-81 279.3 10.7503 X X X X X X
198 1208A 31X-3, 77-79 280.8 10.9119 X X X X
198 1208A 31X-3, 127-129 281.3 10.9654 X X X X
198 1208A 31X-5, 77-79 283.8 11.0860 X X
198 1208A 31X-6, 76-78 284.8 11.1037 X X X X X X X
198 1208A 31X-CC 284.8 11.1040 X X X c.f. X
198 1208A 32X-1, 76-78 287.4 11.1636 X



































































































































































































































































198 1208A 32X-3, 77-79 290.4 11.5761 X X X
198 1208A 32X-5, 77-79 293.4 12.1303 X X X
198 1208A 32X-6, 77-79 294.9 12.1919 X X X X X X X X
198 1208A 32X-CC 295.2 12.1978 X X X X X X
198 1208A 33X-2, 77-79 298.2 12.2613 X X X X X X X X X
198 1208A 33X-3, 77-79 299.7 12.4813 X ? X X X X X X
198 1208A 33X-4, 74-76 301.2 12.6961 X X X X X
198 1208A 33X-5, 77-79 302.7 12.9197 X X X X X
198 1208A 33X-6, 48-50 303.9 13.0965 X X X X X
198 1208A 33X-CC 303.9 13.1038 X X X X X X
198 1208A 34X-2, 77-79 307.9 13.6796 X X X
198 1208A 34X-3, 77-79 309.4 13.8988 X X X ? X X X
198 1208A 34X-4, 77-79 310.9 14.1179 X
198 1208A 34X-6, 77-79 313.9 14.5564 X X
198 1208A 35X-1, 77-79 316.1 14.8779 X X c.f. X












































































































































































































































































































198 1208A 1H-1, 77-79 0.78 0.0142 C D R
198 1208A 1H-3, 77-79 3.78 0.0688 F D F
198 1208A 2H-1, 77-79 5.48 0.0997 D R F
198 1208A 2H-3, 77-79 8.48 0.1543 R D F
198 1208A 2H-5, 77-79 11.48 0.2089 F D R ? R
198 1208A 2H-7, 73-75 13.94 0.2537 A
198 1208A 3H-2, 77-79 16.48 0.2999 R A R R
198 1208A 3H-3, 77-79 17.98 0.3272 F D R A
198 1208A 3H-4, 77-79 19.48 0.3545 A F R
198 1208A 3H-5, 77-79 20.98 0.3818 F D R R
198 1208A 3H-6, 77-79 22.48 0.4091 A F R
198 1208A 4H-1, 77-79 24.48 0.4455 R D F R R
198 1208A 4H-3, 77-79 27.48 0.5000 D R
198 1208A 4H-4, 77-79 28.98 0.5273 D R
198 1208A 4H-5, 77-79 30.48 0.5546 D F R
198 1208A 5H-1, 77-79 33.98 0.6183 A F F
198 1208A 5H-2, 77-79 35.48 0.6456 D R R
198 1208A 5H-3, 77-79 36.98 0.6729 R D R
198 1208A 5H-5, 77-79 39.98 0.7275 C A F R
198 1208A 5H-7, 75-77 42.96 0.7819 D F
198 1208A 6H-2, 75-77 44.96 0.8248 R D A C
198 1208A 6H-3, 75-77 46.46 0.8569 D F C









































































































































































































































































198 1208A 6H-6, 75-77 50.96 0.9535 R D F F
198 1208A 7H-1, 75-77 52.96 0.9980 D C C R
198 1208A 7H-2, 75-77 54.46 1.0364 C F C F
198 1208A 7H-3, 75-77 55.96 1.0747 F D C F
198 1208A 7H-5, 75-77 58.96 1.1473 R D R C R
198 1208A 8H-1, 75-77 62.46 1.2320 D C
198 1208A 8H-3, 75-77 65.46 1.3047 D R R F
198 1208A 8H-5, 75-77 68.46 1.3773 R D F R
198 1208A 8H-6, 75-77 69.96 1.4136 C R F F
198 1208A 9H-1, 75-77 71.96 1.4620 A R R F R
198 1208A 9H-2, 75-77 73.46 1.4984 A F F R
198 1208A 9H-3, 75-77 74.96 1.5347 C R C R
198 1208A 9H-4, 77-80 76.48 1.5715 A R A R
198 1208A 9H-5, 75-77 77.96 1.6073 A F F
198 1208A 9H-6, 75-77 79.46 1.6436 A C A C R
198 1208A 10H-1, 77-79 81.48 1.6925 D C F R ? R
198 1208A 10H-4, 77-79 85.98 1.7988 D F
198 1208A 10H-6, 75-77 88.96 1.8626 R
198 1208A 10H-7, 75-77 90.46 1.8947 A C
198 1208A 11H-1, 75-77 90.96 1.9054 D A F ? F
198 1208A 11H-1, 77-79 90.98 1.9058 D A C

































































































































































































































































198 1208A 11H-4, 75-77 95.46 2.0138 A C C R
198 1208A 11H-5, 75-77 96.96 2.0527 C F R F
198 1208A 12H-1, 77-79 100.48 2.1388 D A F
198 1208A 12H-3, 75-77 103.46 2.2055 D F R
198 1208A 12H-5, 75-77 106.46 2.2760 C F R R
198 1208A 12H-6, 75-77 107.96 2.3112 A C F
198 1208A 13H-1, 75-77 109.96 2.3582 D A F
198 1208A 13H-2, 75-77 111.46 2.3934 A A F R
198 1208A 13H-3, 75-77 112.96 2.4286 D A F R
198 1208A 13H-5, 75-77 115.96 2.4990 ? A
198 1208A 13H-6, 75-77 117.46 2.5343 C C
198 1208A 14H-1, 75-77 119.46 2.5812 D R
198 1208A 14H-2, 75-77 120.96 2.6181 D F R
198 1208A 14H-3, 75-77 122.46 2.6550 R A C
198 1208A 14H-4, 75-77 123.96 2.6918 D F R
198 1208A 14H-5, 75-77 125.46 2.7287 A R R
198 1208A 14H-6, 75-77 126.96 2.7656 F c.f. F R
198 1208A 15H-1, 77-79 128.98 2.8152 C F R
198 1208A 15H-2, 75-77 130.46 2.8516 A D F
198 1208A 15H-3, 75-77 131.96 2.8885 D C F R
198 1208A 15H-4, 75-77 133.46 2.9253 R F D F R
198 1208A 15H-5, 75-77 134.96 2.9622 R R D R R


























































































































































































































































198 1208A 16H-1, 75-77 138.46 3.0515 R D R R
198 1208A 16H-2, 75-77 139.96 3.0959 R D R
198 1208A 16H-3, 75-77 141.46 3.1349 R D R R
198 1208A 16H-4, 77-79 142.98 3.1700 D C
198 1208A 16H-5, 75-77 144.46 3.2042 D A
198 1208A 16H-6, 75-77 145.96 3.2604 R D
198 1208A 16H-7, 75-77 147.46 3.3184 D C
198 1208A 17H-1, 78-80 147.99 3.3367 D A
198 1208A 17H-2, 75-77 149.46 3.3796 D F
198 1208A 17H-3, 75-77 150.96 3.4233 A F C
198 1208A 17H-4, 78-80 152.49 3.4680 C D R
198 1208A 17H-5, 77-79 153.98 3.5114 F D R F D
198 1208A 17H-7, 77-79 156.98 3.5998 F C R
198 1208A 18H-1, 77-79 157.48 3.6188 D R D
198 1208A 18H-2, 77-79 158.98 3.6760 R A F R
198 1208A 18H-3, 77-79 160.48 3.7331 F C
198 1208A 18H-4, 77-79 161.98 3.7900 F C R ? R
198 1208A 18H-5, 77-79 163.48 3.8473 R F F C A F R
198 1208A 18H-6, 77-79 164.98 3.9044 R R F C
198 1208A 19H-1, 27-29 166.47 3.9612 C C F R
198 1208A 19H-1, 77-79 166.98 3.9806 R C C R
198 1208A 19H-2, 77-79 168.48 4.0377 R D R R







































































































































































































































































198 1208A 19H-3, 77-79 169.98 4.0948 F D F
198 1208A 19H-4, 77-79 171.48 4.1520 C A C C R
198 1208A 19H-5, 77-79 172.98 4.2031 C C F R R
198 1208A 19H-6, 77-79 174.48 4.2447 A A
198 1208A 19H-6, 127-129 174.97 4.2584 D F C
198 1208A 20H-1, 77-79 176.48 4.3003 F F F c.f. F R R
198 1208A 20H-2, 77-79 177.98 4.3480 X X X c.f. X
198 1208A 20H-3, 77-79 179.48 4.3962 C C R c.f. R R
198 1208A 20H-4, 77-79 180.98 4.4441 R D F R R
198 1208A 20H-5, 77-79 182.48 4.4920 A D
198 1208A 20H-6, 77-79 183.98 4.5618 C C R R
198 1208A 20H-7, 77-79 185.48 4.6319 C C R R
198 1208A 20H-CC 185.49 4.6320 X X
198 1208A 21X-1, 77-79 185.98 4.6539 X X c.f.
198 1208A 21X-2, 77-79 187.48 4.7198 X X
198 1208A 21X-3, 77-79 188.98 4.7858 X
198 1208A 21X-CC 190.94 4.8921 C R
198 1208A 22X-1, 27-29 190.67 4.8769 A C
198 1208A 22X-1, 77-79 191.2 4.9016 R C
198 1208A 22X-2, 77-79 192.7 4.9508 R R
198 1208A 22X-2, 127-129 193.2 4.9668
198 1208A 22X-3, 77-79 194.2 5.0006





























































































































































































































































































198 1208A 22X-5, 77-79 197.2 5.1206 F R
198 1208A 22X-6, 77-79 198.7 5.1806 R R R R
198 1208A 22X-7, 61-63 199.7 5.2222
198 1208A 23X-1, 77-79 200.9 5.2758
198 1208A 23X-2, 77-79 202.4 5.3487
198 1208A 23X-3, 77-79 203.9 5.4215 F R F R R
198 1208A 23X-4, 78-80 205.4 5.4948 X
198 1208A 23X-5, 77-79 206.9 5.5670
198 1208A 23X-6, 77-79 207.9 5.6158
198 1208A 23X-CC 208 5.6192 X X X
198 1208A 24X-1, 77-79 210.6 5.7469 X X X
198 1208A 24X-2, 77-79 212.1 5.8198 X X
198 1208A 24X-3, 77-79 213.6 5.8926 c.f.
198 1208A 24X-4, 77-79 215.1 5.9655
198 1208A 24X-5, 77-79 216.6 6.0378 X X X
198 1208A 24X-5, 127--129 217.1 6.0591 X X
198 1208A 24X-6, 77-79 218.1 6.1030 X X
198 1208A 24X-CC 218.7 6.1316 X
198 1208A 25X-1, 77-79 220.2 6.1942 X X X
198 1208A 25X-2, 77-79 221.7 6.2943
198 1208A 25X-3, 77-79 223.2 6.4662
198 1208A 25X-4, 77-79 224.4 6.5052






























































































































































































































































198 1208A 25X-CC 224.5 6.5094 marg X X X X X X
198 1208A 26X-1, 27-29 229.4 6.6674
198 1208A 26X-1, 77-79 229.9 6.6839
198 1208A 26X-3, 77-79 232.9 6.8877 X
198 1208A 26X-4, 77-79 234.4 7.0434 X X
198 1208A 26X-5, 27-29 234.8 7.0891 X X
198 1208A 26X-5, 77-79 235.3 7.1403 X
198 1208A 26X-CC 235.4 7.1413 X ? X
198 1208A 27X-1, 27-29 239 7.1925 X X
198 1208A 27X-1, 77-79 239.5 7.1998 X
198 1208A 27X-1, 127-129 240 7.2068 X
198 1208A 27X-2, 77-79 241 7.5227 X X
198 1208A 27X-2, 127-129 241.5 7.5873
198 1208A 27X-3, 77-79 242.5 7.6728
198 1208A 27X-4, 77-79 244 7.7493
198 1208A 27X-5, 77-79 245.5 7.8284
198 1208A 27X-CC 246.1 7.8590
198 1208A 28X-1, 77-79 248.9 8.0078
198 1208A 28X-2, 77-79 250.4 8.0869 X X
198 1208A 28X-2, 127-129 250.9 8.1217 X
198 1208A 28X-3, 77-79 251.9 8.2629 X
198 1208A 28X-5, 77-79 254.9 8.6220 X




























































































































































































































































198 1208A 28X-6, 77-79 256.4 8.7982 X
198 1208A 28X-CC 256.5 8.8054 X
198 1208A 29X-1, 76-78 258.6 8.9552 X
198 1208A 29X-3, 27-29 261.1 9.1502 X
198 1208A 29X-3, 77-79 261.6 9.2063 X
198 1208A 29X-5, 78-80 264.6 9.5014
198 1208A 29X-6, 27-29 265.4 9.6047 X
198 1208A 29X-6, 55-57 265.7 9.6430 X
198 1208A 29X-CC 265.7 9.6473 X
198 1208A 30X-2, 81-83 269.7 9.8221 X X
198 1208A 30X-3, 77-79 271.2 9.9009 X
198 1208A 30X-5, 51-53 273.9 10.1630
198 1208A 30X-CC 274 10.1674 X
198 1208A 31X-1, 77-79 277.8 10.5844 X
198 1208A 31X-1, 127-129 278.3 10.6379
198 1208A 31X-2, 79-81 279.3 10.7503 X
198 1208A 31X-3, 77-79 280.8 10.9119 X
198 1208A 31X-3, 127-129 281.3 10.9654
198 1208A 31X-5, 77-79 283.8 11.0860
198 1208A 31X-6, 76-78 284.8 11.1037
198 1208A 31X-CC 284.8 11.1040
198 1208A 32X-1, 76-78 287.4 11.1636









































































































































































































































































198 1208A 32X-3, 77-79 290.4 11.5761 X X
198 1208A 32X-5, 77-79 293.4 12.1303 X
198 1208A 32X-6, 77-79 294.9 12.1919 X X
198 1208A 32X-CC 295.2 12.1978 X
198 1208A 33X-2, 77-79 298.2 12.2613 X X X
198 1208A 33X-3, 77-79 299.7 12.4813 X X
198 1208A 33X-4, 74-76 301.2 12.6961 X X X
198 1208A 33X-5, 77-79 302.7 12.9197 X X X
198 1208A 33X-6, 48-50 303.9 13.0965 X
198 1208A 33X-CC 303.9 13.1038 X X
198 1208A 34X-2, 77-79 307.9 13.6796 X
198 1208A 34X-3, 77-79 309.4 13.8988 X
198 1208A 34X-4, 77-79 310.9 14.1179
198 1208A 34X-6, 77-79 313.9 14.5564
198 1208A 35X-1, 77-79 316.1 14.8779























































































































































































































































198 1208A 1H-1, 77-79 0.78 0.0142 F C R A D A R
198 1208A 1H-3, 77-79 3.78 0.0688 A C F F D F F
198 1208A 2H-1, 77-79 5.48 0.0997 R R F F R A D F F
198 1208A 2H-3, 77-79 8.48 0.1543 F F R R R F F R
198 1208A 2H-5, 77-79 11.48 0.2089 F R D D R
198 1208A 2H-7, 73-75 13.94 0.2537 R R F D R
198 1208A 3H-2, 77-79 16.48 0.2999 R R R A D R
198 1208A 3H-3, 77-79 17.98 0.3272 R F F R R D F R
198 1208A 3H-4, 77-79 19.48 0.3545 R R R R F D R
198 1208A 3H-5, 77-79 20.98 0.3818 R R F D F
198 1208A 3H-6, 77-79 22.48 0.4091 R C F R F C D R
198 1208A 4H-1, 77-79 24.48 0.4455 C F A D A F
198 1208A 4H-3, 77-79 27.48 0.5000 F R R R A A
198 1208A 4H-4, 77-79 28.98 0.5273 C D R
198 1208A 4H-5, 77-79 30.48 0.5546 R A F F
198 1208A 5H-1, 77-79 33.98 0.6183 F F R R F D D F F
198 1208A 5H-2, 77-79 35.48 0.6456 R F F A D F R
198 1208A 5H-3, 77-79 36.98 0.6729 R F F A A P
198 1208A 5H-5, 77-79 39.98 0.7275 F F F R D F F
198 1208A 5H-7, 75-77 42.96 0.7819 R R D F
198 1208A 6H-2, 75-77 44.96 0.8248 F R C R D C C
198 1208A 6H-3, 75-77 46.46 0.8569 R R R R A D R




















































































































































































































198 1208A 6H-6, 75-77 50.96 0.9535 F R R R D F R
198 1208A 7H-1, 75-77 52.96 0.9980 R R C ? C D R
198 1208A 7H-2, 75-77 54.46 1.0364 R R F F R D R
198 1208A 7H-3, 75-77 55.96 1.0747 F F C C D F R
198 1208A 7H-5, 75-77 58.96 1.1473 F R R R A D R
198 1208A 8H-1, 75-77 62.46 1.2320 R F R R F A D R
198 1208A 8H-3, 75-77 65.46 1.3047 F R R R R D R
198 1208A 8H-5, 75-77 68.46 1.3773 R D C
198 1208A 8H-6, 75-77 69.96 1.4136 R R F C F R D R
198 1208A 9H-1, 75-77 71.96 1.4620 F R R C F D C F
198 1208A 9H-2, 75-77 73.46 1.4984 C C D
198 1208A 9H-3, 75-77 74.96 1.5347 F R R F D C R
198 1208A 9H-4, 77-80 76.48 1.5715 R R F D R
198 1208A 9H-5, 75-77 77.96 1.6073 R R R F D A R
198 1208A 9H-6, 75-77 79.46 1.6436 F F
198 1208A 10H-1, 77-79 81.48 1.6925 F F F C D F F
198 1208A 10H-4, 77-79 85.98 1.7988 R R R D F
198 1208A 10H-6, 75-77 88.96 1.8626 R R C F F C F R D A R
198 1208A 10H-7, 75-77 90.46 1.8947 R R R F D R R
198 1208A 11H-1, 75-77 90.96 1.9054 F F C F R D A
198 1208A 11H-1, 77-79 90.98 1.9058 R F D R












































































































































































































198 1208A 11H-4, 75-77 95.46 2.0138 F R R D F A D C R
198 1208A 11H-5, 75-77 96.96 2.0527 F F A R A D R
198 1208A 12H-1, 77-79 100.48 2.1388 A F R D R D D
198 1208A 12H-3, 75-77 103.46 2.2055 R R C R A A
198 1208A 12H-5, 75-77 106.46 2.2760 F A R R D D
198 1208A 12H-6, 75-77 107.96 2.3112 R R R A F D F R
198 1208A 13H-1, 75-77 109.96 2.3582 R R R A R A D
198 1208A 13H-2, 75-77 111.46 2.3934 R F A F D F
198 1208A 13H-3, 75-77 112.96 2.4286 R C R F C D
198 1208A 13H-5, 75-77 115.96 2.4990 D A R R
198 1208A 13H-6, 75-77 117.46 2.5343 F R F D C D F
198 1208A 14H-1, 75-77 119.46 2.5812 R F D R A R
198 1208A 14H-2, 75-77 120.96 2.6181 R F c.f. ? A C R D C
198 1208A 14H-3, 75-77 122.46 2.6550 F F D D F
198 1208A 14H-4, 75-77 123.96 2.6918 R R F A R D C
198 1208A 14H-5, 75-77 125.46 2.7287 R A R R D F
198 1208A 14H-6, 75-77 126.96 2.7656 F A R D F
198 1208A 15H-1, 77-79 128.98 2.8152 F R A R D A
198 1208A 15H-2, 75-77 130.46 2.8516 F D
198 1208A 15H-3, 75-77 131.96 2.8885 R F R A R D C
198 1208A 15H-4, 75-77 133.46 2.9253 F R A D F
198 1208A 15H-5, 75-77 134.96 2.9622 R R F D F





































































































































































































198 1208A 16H-1, 75-77 138.46 3.0515 R R C C F
198 1208A 16H-2, 75-77 139.96 3.0959 R R R D C
198 1208A 16H-3, 75-77 141.46 3.1349 A R F F
198 1208A 16H-4, 77-79 142.98 3.1700 R A D A
198 1208A 16H-5, 75-77 144.46 3.2042 R D A F
198 1208A 16H-6, 75-77 145.96 3.2604 R D F F R
198 1208A 16H-7, 75-77 147.46 3.3184 F R c.f. R C F R C R
198 1208A 17H-1, 78-80 147.99 3.3367 A F C
198 1208A 17H-2, 75-77 149.46 3.3796 R A R R A
198 1208A 17H-3, 75-77 150.96 3.4233 D D C
198 1208A 17H-4, 78-80 152.49 3.4680 R D A F A
198 1208A 17H-5, 77-79 153.98 3.5114 R R R D F
198 1208A 17H-7, 77-79 156.98 3.5998 F F A
198 1208A 18H-1, 77-79 157.48 3.6188 R R C R
198 1208A 18H-2, 77-79 158.98 3.6760 C C R
198 1208A 18H-3, 77-79 160.48 3.7331 R A R D R
198 1208A 18H-4, 77-79 161.98 3.7900 R R R D F
198 1208A 18H-5, 77-79 163.48 3.8473 C R A
198 1208A 18H-6, 77-79 164.98 3.9044 R F
198 1208A 19H-1, 27-29 166.47 3.9612 R R F D
198 1208A 19H-1, 77-79 166.98 3.9806 F F F D
198 1208A 19H-2, 77-79 168.48 4.0377 F F A F D


















































































































































































































198 1208A 19H-3, 77-79 169.98 4.0948 F R R C
198 1208A 19H-4, 77-79 171.48 4.1520 F R D
198 1208A 19H-5, 77-79 172.98 4.2031 D F
198 1208A 19H-6, 77-79 174.48 4.2447 D
198 1208A 19H-6, 127-129 174.97 4.2584
198 1208A 20H-1, 77-79 176.48 4.3003 R R R F F D A
198 1208A 20H-2, 77-79 177.98 4.3480 X X X X X X
198 1208A 20H-3, 77-79 179.48 4.3962 F R R R F D
198 1208A 20H-4, 77-79 180.98 4.4441 R ? R F C D
198 1208A 20H-5, 77-79 182.48 4.4920 R R F F
198 1208A 20H-6, 77-79 183.98 4.5618 R R R
198 1208A 20H-7, 77-79 185.48 4.6319 R C C
198 1208A 20H-CC 185.49 4.6320 X X X
198 1208A 21X-1, 77-79 185.98 4.6539 X
198 1208A 21X-2, 77-79 187.48 4.7198
198 1208A 21X-3, 77-79 188.98 4.7858 X X
198 1208A 21X-CC 190.94 4.8921 F R F F D
198 1208A 22X-1, 27-29 190.67 4.8769 R F D
198 1208A 22X-1, 77-79 191.2 4.9016 ? R D A
198 1208A 22X-2, 77-79 192.7 4.9508 R R R F F F
198 1208A 22X-2, 127-129 193.2 4.9668 D C
198 1208A 22X-3, 77-79 194.2 5.0006 C F A C








































































































































































































































198 1208A 22X-5, 77-79 197.2 5.1206 F R A R
198 1208A 22X-6, 77-79 198.7 5.1806 F F F C D ?
198 1208A 22X-7, 61-63 199.7 5.2222 X
198 1208A 23X-1, 77-79 200.9 5.2758 X
198 1208A 23X-2, 77-79 202.4 5.3487 X X X X
198 1208A 23X-3, 77-79 203.9 5.4215 F C C C F F R
198 1208A 23X-4, 78-80 205.4 5.4948 X X
198 1208A 23X-5, 77-79 206.9 5.5670
198 1208A 23X-6, 77-79 207.9 5.6158 c.f. X
198 1208A 23X-CC 208 5.6192 X X X
198 1208A 24X-1, 77-79 210.6 5.7469 X X
198 1208A 24X-2, 77-79 212.1 5.8198 X X X
198 1208A 24X-3, 77-79 213.6 5.8926 X X
198 1208A 24X-4, 77-79 215.1 5.9655
198 1208A 24X-5, 77-79 216.6 6.0378 X X X X X ?
198 1208A 24X-5, 127--129 217.1 6.0591 X X
198 1208A 24X-6, 77-79 218.1 6.1030 X X X
198 1208A 24X-CC 218.7 6.1316 X
198 1208A 25X-1, 77-79 220.2 6.1942 X X
198 1208A 25X-2, 77-79 221.7 6.2943
198 1208A 25X-3, 77-79 223.2 6.4662 X X X X
198 1208A 25X-4, 77-79 224.4 6.5052 X X X









































































































































































































198 1208A 25X-CC 224.5 6.5094 marg X X X X
198 1208A 26X-1, 27-29 229.4 6.6674 X X X X
198 1208A 26X-1, 77-79 229.9 6.6839 X X X
198 1208A 26X-3, 77-79 232.9 6.8877 X
198 1208A 26X-4, 77-79 234.4 7.0434 X X
198 1208A 26X-5, 27-29 234.8 7.0891 X X ?
198 1208A 26X-5, 77-79 235.3 7.1403
198 1208A 26X-CC 235.4 7.1413 X X
198 1208A 27X-1, 27-29 239 7.1925 X X
198 1208A 27X-1, 77-79 239.5 7.1998 X X X X X
198 1208A 27X-1, 127-129 240 7.2068
198 1208A 27X-2, 77-79 241 7.5227 X
198 1208A 27X-2, 127-129 241.5 7.5873
198 1208A 27X-3, 77-79 242.5 7.6728
198 1208A 27X-4, 77-79 244 7.7493
198 1208A 27X-5, 77-79 245.5 7.8284 X
198 1208A 27X-CC 246.1 7.8590 X
198 1208A 28X-1, 77-79 248.9 8.0078
198 1208A 28X-2, 77-79 250.4 8.0869
198 1208A 28X-2, 127-129 250.9 8.1217
198 1208A 28X-3, 77-79 251.9 8.2629
198 1208A 28X-5, 77-79 254.9 8.6220 X X







































































































































































































198 1208A 28X-6, 77-79 256.4 8.7982
198 1208A 28X-CC 256.5 8.8054
198 1208A 29X-1, 76-78 258.6 8.9552
198 1208A 29X-3, 27-29 261.1 9.1502
198 1208A 29X-3, 77-79 261.6 9.2063
198 1208A 29X-5, 78-80 264.6 9.5014 X
198 1208A 29X-6, 27-29 265.4 9.6047
198 1208A 29X-6, 55-57 265.7 9.6430
198 1208A 29X-CC 265.7 9.6473
198 1208A 30X-2, 81-83 269.7 9.8221
198 1208A 30X-3, 77-79 271.2 9.9009
198 1208A 30X-5, 51-53 273.9 10.1630
198 1208A 30X-CC 274 10.1674
198 1208A 31X-1, 77-79 277.8 10.5844
198 1208A 31X-1, 127-129 278.3 10.6379
198 1208A 31X-2, 79-81 279.3 10.7503
198 1208A 31X-3, 77-79 280.8 10.9119 ?
198 1208A 31X-3, 127-129 281.3 10.9654
198 1208A 31X-5, 77-79 283.8 11.0860
198 1208A 31X-6, 76-78 284.8 11.1037
198 1208A 31X-CC 284.8 11.1040 X
198 1208A 32X-1, 76-78 287.4 11.1636






















































































































































































































198 1208A 32X-3, 77-79 290.4 11.5761 X
198 1208A 32X-5, 77-79 293.4 12.1303
198 1208A 32X-6, 77-79 294.9 12.1919
198 1208A 32X-CC 295.2 12.1978 X
198 1208A 33X-2, 77-79 298.2 12.2613
198 1208A 33X-3, 77-79 299.7 12.4813
198 1208A 33X-4, 74-76 301.2 12.6961 ?
198 1208A 33X-5, 77-79 302.7 12.9197
198 1208A 33X-6, 48-50 303.9 13.0965
198 1208A 33X-CC 303.9 13.1038
198 1208A 34X-2, 77-79 307.9 13.6796
198 1208A 34X-3, 77-79 309.4 13.8988
198 1208A 34X-4, 77-79 310.9 14.1179
198 1208A 34X-6, 77-79 313.9 14.5564
198 1208A 35X-1, 77-79 316.1 14.8779































































APPENDIX G  
HOLE 1207A SPECIES TOPS AND BASES 
Table of species identified at Ocean Drilling Program Hole 1207A, its top (first 
occurrence), base (last occurrence), depth in the core where each event occurs, age of the 
sample, and the sample stratigraphically above (for last occurrences) and below (for first 
occurrences) in which the species was not found, along with the associated depth and age 
of the sample. The depth error (in meters, ±m), average age (millions of years, Ma), and 
age error (±Ma) were calculated based on these depths and ages (see Chapter 2 ‘Methods’ 

































Depth (mbsf) ± m Avg. Age ± Ma
Candeina nitida Top 6H-CC, 7-9 52.50 3.073 6H-6, 27-29 50.57 2.969 51.54 1.93 3.021 0.104
Bottom 15H-CC, 24-26 138.05 9.368 16H-1, 77-79 138.58 9.452 138.32 0.53 9.410 0.085
Beella digitata Top 1H-3, 26-28 3.26 0.206 1H-2, 77-79 2.27 0.144 2.77 0.99 0.175 0.063
Bottom 3H-2, 27-29 16.07 0.978 3H-2, 127-129 17.07 1.100 16.57 1.00 1.039 0.122
Beella praedigitata Top 2H-1, 27-29 5.07 0.321 1H-CC, 19-21 4.72 0.298 4.90 0.35 0.310 0.022
Bottom 18H-2, 127-129 159.57 12.123 18H-4, 78-80 162.08 12.304 160.83 2.51 12.214 0.180
Catapysdrax 
unicavus Top 15H-3, 77-79 132.07 8.294 15H-2, 77-79 130.57 8.236 131.32 1.50 8.265 0.058
Bottom 17H-6, 27-29 155.07 11.576 17H-6, 127-129 156.07 11.766 155.57 1.00 11.671 0.190
Dentoglobigerina 
altispira Top 7H-5, 127-129 59.57 3.356 7H-5, 77-79 59.07 3.340 59.32 0.50 3.348 0.016
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Dentoglobigerina 
baroemoenensis Top 7H-5, 127-129 59.57 3.356 7H-5, 77-79 59.07 3.340 59.32 0.50 3.348 0.016
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Dentoglobigerina 
venezuelana Top 7H-4, 127-129 58.07 3.287 7H-4, 77-79 57.58 3.256 57.83 0.49 3.271 0.030
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globigerina 
bulloides Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globigerina 
falconensis Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-1, 79-81 157.60 12.015 18H-2, 127-129 159.57 12.123 158.59 1.97 12.069 0.108
Globigerina foliata Top 1H-1, 80-82 0.81 0.051 1H-1, 29-31 0.29 0.018 0.55 0.52 0.035 0.033
Bottom 18H-1, 79-81 157.60 12.015 18H-2, 127-129 159.57 12.123 158.59 1.97 12.069 0.108
Globigerina 
umbilicata Top 5H-CC, 6-7 42.81 2.570 5H-4, 80-82 38.61 2.429 40.71 4.20 2.500 0.141



















Depth (mbsf) ± m Avg. Age ± Ma
Globigerinella calida Top 4H-2, 127-129 26.57 1.869 4H-2, 80-82 26.10 1.849 26.34 0.47 1.859 0.020
Bottom 9H-1, 77-79 72.08 3.825 9H-2, 127-129 74.07 3.914 73.08 1.99 3.870 0.088
Globigerinella obesa Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globigerinella 
siphonifera Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 12H-6, 27-29 107.57 6.310 12H-CC, 19-21 109.30 6.437 108.44 1.73 6.374 0.126
Globigerinoides 
bollii Top 7H-5, 77-79 59.07 3.340 7H-4, 127-129 58.07 3.287 58.57 1.00 3.313 0.053
Bottom 9H-2, 127-129 74.07 3.914 9H-3, 77-79 75.07 3.958 74.57 1.00 3.936 0.044
Globigerinoides 
conglobatus Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 14H-1, 78-80 119.59 7.197 14H-1, 127-129 120.07 7.206 119.83 0.48 7.201 0.009
Globigerinoides 
extremus Top 4H-5, 27-29 30.07 2.141 4H-4, 81-83 29.12 2.044 29.60 0.95 2.093 0.097
Bottom 12H-4, 128-130 105.58 6.012 12H-5, 27-29 106.07 6.105 105.83 0.49 6.058 0.092
Globigerinoides 
obliquus Top 1H-CC, 19-21 4.72 0.298 1H-4, 6-7 4.54 0.287 4.63 0.18 0.293 0.011
Bottom 17H-7, 27-29 156.57 11.847 17H-CC, 22-24 157.01 11.919 156.79 0.44 11.883 0.072
Globigerinoides 
ruber Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 14H-1, 127-129 120.07 7.206 14H-2, 127-129 121.57 7.317 120.82 1.50 7.261 0.111
Globigerinoides 
ruber (pink) Top 1H-3, 77-79 3.77 0.238 1H-3, 26-28 3.26 0.206 3.52 0.51 0.222 0.032
Bottom 1H-3, 77-79 3.77 0.238 1H-4, 6-7 4.54 0.287 4.16 0.77 0.263 0.049
Globigerinoides 
subquadratus Top 15H-4, 77-79 133.58 8.577 15H-3, 127-129 132.57 8.363 133.08 1.01 8.470 0.213



















Depth (mbsf) ± m Avg. Age ± Ma
Globoquadrina 
dehiscens Top 15H-CC, 24-26 138.05 9.368 15H-4, 77-79 133.58 8.577 135.82 4.47 8.972 0.791
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globoquadrina 
conglomerata Top 7H-CC, 21-23 61.82 3.430 7H-6, 27-29 60.07 3.372 60.95 1.75 3.401 0.057
Bottom 7H-CC, 21-23 61.82 3.430 8H-1, 27-29 62.07 3.438 61.95 0.25 3.434 0.008
Globorotaloides 
hexagona Top 1H-4, 6-7 4.54 0.287 1H-3, 77-79 3.77 0.238 4.16 0.77 0.263 0.049
Bottom 12H-CC, 19-21 109.30 6.437 13H-1, 27-29 109.57 6.453 109.44 0.27 6.445 0.016
Globorotaloides 
variabilis Top 15H-CC, 24-26 138.05 9.368 15H-4, 77-79 133.58 8.577 135.82 4.47 8.972 0.791
Bottom 16H-5, 127-129 145.07 10.280 16H-CC, 25-27 147.51 10.579 146.29 2.44 10.430 0.299
Globoturborotalita 
apertura Top 6H-5, 27-29 49.07 2.891 6H-4, 108-110 48.39 2.856 48.73 0.68 2.873 0.035
Bottom 17H-1, 127-129 148.57 10.709 17H-2, 27-29 149.07 10.771 148.82 0.50 10.740 0.061
Globoturborotalita 
decoraperta Top 7H-4, 19-21 57.00 3.220 7H-1, 77-79 53.08 3.106 55.04 3.92 3.163 0.114
Bottom 15H-4, 77-79 133.58 8.577 15H-CC, 24-26 138.05 9.368 135.82 4.47 8.972 0.791
Globoturbortalita 
druryi Top 11H-CC, 6-8 100.01 5.243 11H-4, 77-79 95.58 4.947 97.80 4.43 5.095 0.297
Bottom 17H-CC, 22-24 157.01 11.919 18H-1, 79-81 157.60 12.015 157.31 0.59 11.967 0.096
Globoturborotalita 
nepenthes Top 10H-5, 77-79 87.57 4.509 10H-5, 27-29 87.07 4.487 87.32 0.50 4.498 0.022
Bottom 17H-CC, 22-24 157.01 11.919 18H-1, 79-81 157.60 12.015 157.31 0.59 11.967 0.096
Globoturborotalita 
rubescens Top 1H-CC, 19-21 4.72 0.298 1H-4, 6-7 4.54 0.287 4.63 0.18 0.293 0.011
Bottom 1H-CC, 19-21 4.72 0.298 2H-1, 27-29 5.07 0.321 4.90 0.35 0.310 0.022
Globoturborotalita 
woodi Top 3H-1, 81-83 15.12 0.928 2H-CC, 28-30 14.61 0.901 14.87 0.51 0.914 0.027



















Depth (mbsf) ± m Avg. Age ± Ma
Orbulina suturalis Top 6H-1, 39-41 43.20 2.585 5H-CC, 6-7 42.81 2.570 43.01 0.39 2.577 0.014
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Orbulina universa Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Paragloborotalia 
continuosa Top 17H-2, 127-129 150.07 10.893 17H-2, 27-29 149.07 10.771 149.57 1.00 10.832 0.123
Bottom 17H-6, 27-29 155.07 11.576 17H-6, 127-129 156.07 11.766 155.57 1.00 11.671 0.190
Paragloborotalia 
mayeri Top 17H-2, 27-29 149.07 10.771 17H-1, 127-129 148.57 10.709 148.82 0.50 10.740 0.061
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Sphaeroidinella 
dehiscens Top 1H-3, 26-28 3.26 0.206 1H-2, 77-79 2.27 0.144 2.77 0.99 0.175 0.063
Bottom 8H-5, 77-79 68.57 3.670 8H-CC, 11-12 71.40 3.795 69.99 2.83 3.732 0.126
Sphaeroidinellopsis 
disjuncta Top 15H-3, 77-79 132.07 8.294 15H-2, 77-79 130.57 8.236 131.32 1.50 8.265 0.058
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Sphaeroidinellopsis 
kochi Top 10H-5, 27-29 87.07 4.487 10H-4, 114-116 86.45 4.456 86.76 0.62 4.471 0.031
Bottom 18H-2, 127-129 159.57 12.123 18H-4, 78-80 162.08 12.304 160.83 2.51 12.214 0.180
Sphaeroidinellopsis 
paenedehiscens Top 10H-1, 27-29 81.07 4.218 9H-CC, 9-11 80.99 4.215 81.03 0.08 4.216 0.003
Bottom 13H-1, 127-129 110.57 6.514 13H-2, 27-29 111.07 6.544 110.82 0.50 6.529 0.030
Sphaeroidinellopsis 
seminulina Top 8H-2, 77-79 64.07 3.503 8H-1, 127-129 63.07 3.471 63.57 1.00 3.487 0.033
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Trilobatus sacculier Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Turborotalita clarkei Top 1H-1, 80-82 0.81 0.051 1H-1, 29-31 0.29 0.018 0.55 0.52 0.035 0.033



















Depth (mbsf) ± m Avg. Age ± Ma
Turborotalita 
quinqueloba Top 1H-1, 80-82 0.81 0.051 1H-1, 29-31 0.29 0.018 0.55 0.52 0.035 0.033
Bottom 10H-1, 78-80 81.59 4.236 10H-4, 114-116 86.45 4.456 84.02 4.86 4.346 0.219
Globigerinita 
glutinata Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globigerinita uvula Top 3H-CC, 21-23 24.12 1.754 3H-4, 111-113 19.92 1.364 22.02 4.20 1.559 0.390
Bottom 11H-4, 77-79 95.58 4.947 11H-CC, 6-8 100.01 5.243 97.80 4.43 5.095 0.297
Tenuitella anfracta Top 6H-CC, 7-9 52.50 3.073 6H-6, 27-29 50.57 2.969 51.54 1.93 3.021 0.104
Bottom 9H-1, 77-79 72.08 3.825 9H-2, 127-129 74.07 3.914 73.08 1.99 3.870 0.088
Tenuitella iota Top 1H-1, 80-82 0.81 0.051 1H-1, 29-31 0.29 0.018 0.55 0.52 0.035 0.033
Bottom 1H-CC, 19-21 4.72 0.298 2H-1, 27-29 5.07 0.321 4.90 0.35 0.310 0.022
Fohsella lenguaensis Top 12H-4, 78-80 105.09 5.945 12H-1, 78-80 100.59 5.323 102.84 4.50 5.634 0.621
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Fohsella 
peripheroronda Top 18H-4, 78-80 162.08 12.304 18H-2, 127-129 159.57 12.123 160.83 2.51 12.214 0.180
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globoconella conica Top 17H-7, 27-29 156.57 11.847 17H-6, 127-129 156.07 11.766 156.32 0.50 11.807 0.081
Bottom 18H-2, 127-129 159.57 12.123 18H-4, 78-80 162.08 12.304 160.83 2.51 12.214 0.180
Globoconella 
conomiozea Top 8H-1, 27-29 62.07 3.438 7H-CC, 21-23 61.82 3.430 61.95 0.25 3.434 0.008
Bottom 11H-3, 77-79 94.07 4.883 11H-4, 77-79 95.58 4.947 94.83 1.51 4.915 0.063
Globoconella 
explicationis Top 12H-4, 128-130 105.58 6.012 12H-4, 78-80 105.09 5.945 105.34 0.49 5.978 0.068
Bottom 17H-7, 27-29 156.57 11.847 17H-CC, 22-24 157.01 11.919 156.79 0.44 11.883 0.072
Globoconella inflata Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -



















Depth (mbsf) ± m Avg. Age ± Ma
Globoconella 
miotumida Top 8H-1, 27-29 62.07 3.438 7H-CC, 21-23 61.82 3.430 61.95 0.25 3.434 0.008
Bottom 18H-2, 127-129 159.57 12.123 18H-4, 78-80 162.08 12.304 160.83 2.51 12.214 0.180
Globoconella miozea Top 17H-4, 127-129 153.07 11.124 17H-4, 77-79 152.58 11.104 152.83 0.49 11.114 0.020
Bottom 17H-6, 27-29 155.07 11.576 17H-6, 127-129 156.07 11.766 155.57 1.00 11.671 0.190
Globoconella panda Top 18H-1, 79-81 157.60 12.015 17H-CC, 22-24 157.01 11.919 157.31 0.59 11.967 0.096
Bottom 18H-2, 127-129 159.57 12.123 18H-4, 78-80 162.08 12.304 160.83 2.51 12.214 0.180
Globoconella 
triangula Top 4H-5, 27-29 30.07 2.141 4H-4, 81-83 29.12 2.044 29.60 0.95 2.093 0.097
Bottom 4H-7, 60-62 33.41 2.254 4H-CC, 13-15 33.79 2.267 33.60 0.38 2.261 0.013
Globoconella 
puncticulata Top 3H-3, 27-29 17.57 1.146 3H-2, 127-129 17.07 1.100 17.32 0.50 1.123 0.046
Bottom 11H-2, 77-79 92.57 4.808 11H-2, 127-129 93.07 4.833 92.82 0.50 4.821 0.025
Globorotalia 
cibaoensis Top 8H-CC, 11-12 71.40 3.795 8H-5, 77-79 68.57 3.670 69.99 2.83 3.732 0.126
Bottom 14H-4, 78-80 124.09 7.502 14H-CC, 22-24 128.44 8.020 126.27 4.35 7.761 0.517
Globorotalia 
crassaformis Top 1H-1, 127-129 1.27 0.080 1H-1, 80-82 0.81 0.051 1.04 0.46 0.066 0.029
Bottom 9H-3, 77-79 75.07 3.958 9H-3, 127-129 75.57 3.980 75.32 0.50 3.969 0.022
Globorotalia 
crassula Top 1H-1, 80-82 0.81 0.051 1H-1, 29-31 0.29 0.018 0.55 0.52 0.035 0.033
Bottom 9H-1, 77-79 72.08 3.825 9H-2, 127-129 74.07 3.914 73.08 1.99 3.870 0.088
Globorotalia hirsuta Top 1H-1, 127-129 1.27 0.080 1H-1, 80-82 0.81 0.051 1.04 0.46 0.066 0.029
Bottom 3H-2, 127-129 17.07 1.100 3H-3, 27-29 17.57 1.146 17.32 0.50 1.123 0.046
Globorotalia juanai Top 13H-2, 78-80 111.58 6.575 13H-2, 27-29 111.07 6.544 111.33 0.51 6.560 0.031
Bottom 14H-1, 127-129 120.07 7.206 14H-2, 127-129 121.57 7.317 120.82 1.50 7.261 0.111
Globorotalia limbata Top 6H-1, 77-79 43.58 2.604 6H-1, 39-41 43.20 2.585 43.39 0.38 2.595 0.020



















Depth (mbsf) ± m Avg. Age ± Ma
Globorotalia 
margaritae Top 9H-3, 127-129 75.57 3.980 9H-3, 77-79 75.07 3.958 75.32 0.50 3.969 0.022
Bottom 13H-3, 27-29 112.57 6.635 13H-4, 78-80 114.59 6.803 113.58 2.02 6.719 0.168
Globorotalia 
menardii Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globorotalia 
merotumida Top 11H-2, 127-129 93.07 4.833 11H-2, 77-79 92.57 4.808 92.82 0.50 4.821 0.025
Bottom 16H-CC, 25-27 147.51 10.579 17H-1, 77-79 148.08 10.649 147.80 0.57 10.614 0.070
Globorotalia 
plesiotumida Top 9H-4, 127-129 77.07 4.047 9H-4, 77-79 76.58 4.025 76.83 0.49 4.036 0.022
Bottom 15H-4, 77-79 133.58 8.577 15H-CC, 24-26 138.05 9.368 135.82 4.47 8.972 0.791
Globorotalia 
praemenardii Top 17H-4, 127-129 153.07 11.124 17H-4, 77-79 152.58 11.104 152.83 0.49 11.114 0.020
Bottom 18H-4, 78-80 162.08 12.304 - - - 162.08 - 12.304 -
Globorotalia 
pseudomiocenica Top 12H-4, 78-80 105.09 5.945 12H-1, 78-80 100.59 5.323 102.84 4.50 5.634 0.621
Bottom 12H-CC, 19-21 109.30 6.437 13H-1, 27-29 109.57 6.453 109.44 0.27 6.445 0.016
Globorotalia scitula Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 18H-2, 127-129 159.57 12.123 18H-4, 78-80 162.08 12.304 160.83 2.51 12.214 0.180
Globorotalia theyeri Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 12H-5, 27-29 106.07 6.105 12H-6, 27-29 107.57 6.310 106.82 1.50 6.208 0.206
Globorotalia 
tosaensis Top 1H-CC, 19-21 4.72 0.298 1H-4, 6-7 4.54 0.287 4.63 0.18 0.293 0.011
Bottom 4H-5, 27-29 30.07 2.141 4H-5, 77-79 30.57 2.159 30.32 0.50 2.150 0.018
Globorotalia 
truncatulinoides Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 4H-5, 27-29 30.07 2.141 4H-5, 77-79 30.57 2.159 30.32 0.50 2.150 0.018
Globorotalia tumida Top 1H-2, 77-79 2.27 0.144 1H-1, 127-129 1.27 0.080 1.77 1.00 0.112 0.063



















Depth (mbsf) ± m Avg. Age ± Ma
Globorotalia 
ungulata Top 2H-4, 80-82 10.11 0.639 2H-2, 77-79 7.07 0.447 8.59 3.04 0.543 0.192
Bottom 4H-5, 77-79 30.57 2.159 4H-5, 127-129 31.07 2.176 30.82 0.50 2.167 0.017
Neogloboquadrina 
acostaensis Top 3H-1, 81-83 15.12 0.928 2H-CC, 28-30 14.61 0.901 14.87 0.51 0.914 0.027
Bottom 17H-4, 127-129 153.07 11.124 17H-5, 77-79 154.07 11.188 153.57 1.00 11.156 0.064
Neogloboquadrina 
atlantica Top 4H-2, 27-29 25.57 1.827 4H-1, 130-132 25.11 1.808 25.34 0.46 1.818 0.019
Bottom 14H-1, 78-80 119.59 7.197 14H-1, 127-129 120.07 7.206 119.83 0.48 7.201 0.009
Neogloboquadrina 
dutertrei Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 17H-CC, 22-24 157.01 11.919 18H-1, 79-81 157.60 12.015 157.31 0.59 11.967 0.096
Neogloboquadrina 
humerosa Top 3H-4, 111-113 19.92 1.364 3H-3, 78-80 18.09 1.194 19.01 1.83 1.279 0.170
Bottom 14H-1, 78-80 119.59 7.197 14H-1, 127-129 120.07 7.206 119.83 0.48 7.201 0.009
Neogloboquadrina 
incompta Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 17H-6, 127-129 156.07 11.766 17H-7, 27-29 156.57 11.847 156.32 0.50 11.807 0.081
Neogloboquadrina 
inglei Top 4H-5, 127-129 31.07 2.176 4H-5, 77-79 30.57 2.159 30.82 0.50 2.167 0.017
Bottom 4H-5, 127-129 31.07 2.176 4H-7, 60-62 33.41 2.254 32.24 2.34 2.215 0.079
Neogloboquadrina 
pachyderma Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 17H-2, 127-129 150.07 10.893 17H-3, 27-29 150.57 10.954 150.32 0.50 10.924 0.061
Pulleniatina 
obliquiloculata Top 1H-1, 29-31 0.29 0.018 - - - 0.29 - 0.018 -
Bottom 7H-4, 19-21 57.00 3.220 7H-4, 77-79 57.58 3.256 57.29 0.58 3.238 0.036
Pulleniatina primalis Top 2H-CC, 28-30 14.61 0.901 3H-1, 29-31 14.59 0.900 14.60 0.02 0.900 0.001






HOLE 1208A SPECIES TOPS AND BASES 
Table of species identified at Ocean Drilling Program Hole 1208A, its top (first 
occurrence), base (last occurrence), depth in the core where each event occurs, age of the 
sample, and the sample stratigraphically above (for last occurrences) and below (for first 
occurrences) in which the species was not found, along with the associated depth and age 
of the sample. The depth error (in meters, ±m), average age (millions of years, Ma), and 
age error (±Ma) were calculated based on these depths and ages (see Chapter 2 ‘Methods’ 


















































Depth (mbsf) ± m Avg. Age ± Ma
Beella digitata Top 1H-3, 77-79 3.78 0.069 1H-1, 77-79 0.78 0.014 2.28 1.50 0.041 0.027
Bottom 7H-2, 75-77 54.46 1.036 7H-3, 75-77 55.96 1.075 55.21 0.75 1.056 0.019
Beella praedigitata Top 8H-3, 75-77 65.46 1.305 8H-1, 75-77 62.46 1.232 63.96 1.50 1.268 0.036
Bottom 17H-2, 75-77 149.46 3.380 17H-3, 75-77 150.96 3.423 150.21 0.75 3.401 0.022
Dentoglobigerina 
altispira Top 16H-2, 75-77 139.96 3.096 16H-1, 75-77 138.46 3.052 139.21 0.75 3.074 0.022
Bottom 34X-3, 77-79 309.38 13.899 34X-4, 77-79 310.88 14.118 310.13 0.75 14.008 0.110
Dentoglobigerina 
baroemoenensis Top 18H-2, 77-79 158.98 3.676 18H-1, 77-79 157.48 3.619 158.23 0.75 3.647 0.029
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 0.00 15.097 0.000
Dentoglobigerina 
venezuelana Top 14H-4, 75-77 123.96 2.692 14H-3, 75-77 122.46 2.655 123.21 0.75 2.673 0.018
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Globigerina bulloides Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Globigerina 
falconensis Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 30X-CC 273.96 10.167 31X-1, 77-79 277.78 10.584 275.87 1.91 10.376 0.209
Globigerina foliata Top 4H-1, 77-79 24.48 0.445 3H-6, 77-79 22.48 0.409 24.48 0.00 0.427 0.018
Bottom 33X-3, 77-79 299.68 12.481 33X-4, 74-76 301.15 12.696 300.42 0.73 12.589 0.107
Globigerina 
umbilicata Top 3H-6, 77-79 22.48 0.409 3H-5, 77-79 20.98 0.382 20.98 1.50 0.395 0.014
Bottom 10H-1, 77-79 81.48 1.693 10H-4, 77-79 85.98 1.799 83.73 2.25 1.746 0.053
Globigerinella calida Top 2H-7, 73-75 13.94 0.254 2H-5, 77-79 11.48 0.209 12.71 1.23 0.231 0.022
Bottom 9H-4, 77-79 76.48 1.571 9H-5, 75-77 77.96 1.607 77.96 1.48 1.589 0.018
Globigerinella obesa Top 3H-5, 77-79 20.98 0.382 3H-4, 77-79 19.48 0.354 20.98 0.00 0.368 0.014
Bottom 34X-3, 77-79 309.38 13.899 34X-4, 77-79 310.88 14.118 310.13 0.75 14.008 0.110
Globigerinella 
siphonifera Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -



















Depth (mbsf) ± m Avg. Age ± Ma
Globigerinoides 
conglobatus Top 1X-3, 77-79 3.78 0.069 1H-1, 77-79 0.78 0.014 2.28 1.50 0.041 0.027
Bottom 25X-CC 224.51 6.509 26X-1, 27-29 229.37 6.667 226.94 2.43 6.588 0.079
Globigerinoides 
extremus Top 9H-6, 75-77 79.46 1.644 9H-5, 75-77 77.96 1.607 78.71 0.75 1.625 0.018
Bottom 24X-1, 77-79 210.58 5.747 24X-2, 77-79 212.08 5.820 211.33 0.75 5.783 0.036
Globigerinoides 
mitra Top 34X-3, 77-79 309.38 13.899 34X-2, 77-79 307.88 13.680 308.63 0.75 13.789 0.110
Base 34X-3, 77-79 309.38 13.899 34X-4, 77-79 310.88 14.118 310.13 0.75 14.008 0.110
Globigerinoides 
obliquus Top 10H-1, 77-79 81.48 1.693 9H-6, 75-77 79.46 1.644 80.47 1.01 1.668 0.024
Bottom 29X-3, 77-79 261.58 9.206 29X-5, 78-80 264.59 9.501 263.09 1.51 9.354 0.148
Globigerinoides ruber Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 23X-2, 77-79 202.38 5.349 23X-3, 77-79 203.88 5.422 203.13 0.75 5.385 0.036
Globigerinoides 
ruber (pink) Top 3H-3, 77-79 17.98 0.327 3H-2, 77-79 16.48 0.300 17.23 0.75 0.314 0.014
Bottom 3H-6, 77-79 22.48 0.409 4H-1, 77-79 24.48 0.445 24.48 2.00 0.427 0.018
Globigerinoides 
subquadratus Top 28X-5, 77-79 254.88 8.622 28X-3, 77-79 251.88 8.263 253.38 1.50 8.442 0.180
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Globoquadrina 
dehiscens Top 29X-3, 27-29 261.07 9.150 29X-1, 76-78 258.57 8.955 259.82 1.25 9.053 0.097
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Globoquadrina 
conglomerata Top 6H-4, 77-79 47.98 0.890 6H-3, 75-77 46.46 0.857 47.22 0.76 0.873 0.016
Bottom 20H-CC 185.49 4.632 21X-1, 77-79 185.98 4.654 185.74 0.25 4.643 0.011
Globorotaloides 
hexagona Top 3H-3, 77-79 17.98 0.327 3H-2, 77-79 16.48 0.300 17.23 0.75 0.314 0.014
Bottom 24X-3, 77-79 213.58 5.893 24X-4, 77-79 215.08 5.965 214.33 0.75 5.929 0.036
Globorotaloides 
variabilis Top 32X-6, 77-79 294.88 12.192 32X-5, 77-79 293.38 12.130 294.13 0.75 12.161 0.031



















Depth (mbsf) ± m Avg. Age ± Ma
Globoturborotalita 
apertura Top 13H-6, 75-77 117.46 2.534 13H-5, 75-77 115.96 2.499 116.71 0.75 2.517 0.018
Bottom 29X-3, 77-79 261.58 9.206 29X-5, 78-80 264.59 9.501 263.09 1.51 9.354 0.148
Globoturborotalita 
decoraperta Top 22X-2, 77-79 192.68 4.951 22H-1, 77-79 191.18 4.902 191.93 0.75 4.926 0.025
Bottom 29X-3, 27-29 261.07 9.150 29X-3, 77-79 261.58 9.206 261.33 0.25 9.178 0.028
Globoturbortalita 
druryi Top 26X-1, 27-29 229.37 6.667 25X-CC 224.51 6.509 226.94 2.43 6.588 0.079
Bottom 33X-3, 77-79 299.68 12.481 33X-4, 74-76 301.15 12.696 300.42 0.73 12.589 0.107
Globoturborotalita 
nepenthes Top 22X-1, 77-79 191.18 4.902 22X-1, 27-29 190.67 4.877 190.93 0.25 4.889 0.012
Bottom 33X-2, 77-79 298.18 12.261 33X-3, 77-79 299.68 12.481 298.93 0.75 12.371 0.110
Globoturborotalita 
rubescens Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 14H-5, 75-77 125.46 2.729 14H-6, 75-77 126.96 2.766 126.21 0.75 2.747 0.018
Globoturborotalita 
woodi Top 4H-1, 77-79 24.48 0.445 3H-6, 77-79 22.48 0.409 24.48 0.00 0.427 0.018
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Orbulina suturalis Top 12H-1, 77-79 100.48 2.139 11H-5, 75-77 96.96 2.053 98.72 1.76 2.096 0.043
Bottom 34X-3, 77-79 309.38 13.899 34X-4, 77-79 310.88 14.118 310.13 0.75 14.008 0.110
Orbulina universa Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Paragloborotalia 
birnageae Top 34X-3, 77-79 309.38 13.899 34X-2, 77-79 307.88 13.680 308.63 0.75 13.789 0.110
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Paragloborotalia 
mayeri Top 32X-6, 77-79 294.88 12.192 32X-5, 77-79 293.38 12.130 294.13 0.75 12.161 0.031
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Sphaeroidinella 
dehiscens Top 2H-1, 77-79 5.48 0.100 1H-3, 77-79 3.78 0.069 4.63 0.85 0.084 0.015



















Depth (mbsf) ± m Avg. Age ± Ma
Sphaeroidinellopsis 
disjuncta Top 30X-2, 81-83 269.72 9.822 29X-CC 265.70 9.647 267.71 2.01 9.735 0.087
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Sphaeroidinellopsis 
kochi Top 20H-2, 77-79 177.98 4.348 20H-1, 77-79 176.48 4.300 177.23 0.75 4.324 0.024
Bottom 33X-CC 303.94 13.104 34X-2, 77-79 307.88 13.680 305.91 1.97 13.392 0.288
Sphaeroidinellopsis 
paenedehiscens Top 15H-5, 75-77 134.96 2.962 15H-4, 75-77 133.46 2.925 134.21 0.75 2.944 0.018
Bottom 20H-5, 77-79 182.48 4.492 20H-6, 77-79 183.98 4.562 183.23 0.75 4.527 0.035
Sphaeroidinellopsis 
seminulina Top 18H-4, 77-79 161.98 3.790 18H-3, 77-79 160.48 3.733 161.23 0.75 3.762 0.028
Bottom 34X-6, 77-79 313.88 14.556 35X-1, 77-79 316.08 14.878 314.98 1.10 14.717 0.161
Trilobatus sacculier Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Trilobatus sicanus Top 35X-1, 77-79 316.08 14.878 34X-6, 77-79 313.88 14.556 314.98 1.10 14.717 0.161
Bottom 35X-1, 77-79 316.08 14.878 35X-2, 77-79 317.58 15.097 316.83 0.75 14.987 0.110
Turborotalita 
quinqueloba Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 20H-3, 77-79 179.48 4.396 20H-4, 77-79 180.98 4.444 180.23 0.75 4.420 0.024
Globigerinita 
glutinata Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Globigerinita uvula Top 8H-1, 75-77 62.46 1.232 7H-5, 75-77 58.96 1.147 60.71 1.75 1.190 0.042
Bottom 29X-5, 78-80 264.59 9.501 29X-6, 27-29 265.37 9.605 264.98 0.39 9.553 0.052
Tenuitella anfracta Top 3H-2, 77-79 16.48 0.300 2H-7, 73-75 13.94 0.254 15.21 1.27 0.277 0.023
Bottom 15H-5, 75-77 134.96 2.962 15H-6, 75-77 136.46 2.999 135.71 0.75 2.981 0.018
Tenuitella iota Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 8H-5, 75-77 68.46 1.377 8H-6, 75-77 69.96 1.414 68.46 0.00 1.395 0.018
Fohsella lenguaensis Top 32X-3, 77-79 290.38 11.576 32X-2, 79-81 288.90 11.363 289.64 0.74 11.469 0.107



















Depth (mbsf) ± m Avg. Age ± Ma
Fohsella 
peripheroronda Top 34X-3, 77-79 309.38 13.899 34H-2, 77-79 307.88 13.680 308.63 0.75 13.789 0.110
Bottom 35X-2, 77-79 317.58 15.097 - - - 317.58 - 15.097 -
Globoconella 
conomiozea Top 17H-5, 77-79 153.98 3.511 17H-4, 78-80 152.49 3.468 153.24 0.74 3.490 0.022
Bottom 21X-2, 77-79 187.48 4.720 21X-3, 77-79 188.98 4.786 188.23 0.75 4.753 0.033
Globoconella inflata Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 16H-6, 75-77 145.96 3.260 16H-7, 75-77 147.46 3.318 146.71 0.75 3.289 0.029
Globoconella 
miotumida Top 17H-3, 75-77 150.96 3.423 17H-2, 75-77 149.46 3.380 150.21 0.75 3.401 0.022
Bottom 33X-3, 77-79 299.68 12.481 33X-4, 74-76 301.15 12.696 300.42 0.73 12.589 0.107
Globoconella miozea Top 32X-6, 77-79 294.88 12.192 32X-5, 77-79 293.38 12.130 294.13 0.75 12.161 0.031
Bottom 34X-2, 77-79 307.88 13.680 34X-3, 77-79 309.38 13.899 308.63 0.75 13.789 0.110
Globoconella panda Top 33X-4, 74-76 301.15 12.696 33X-3, 77-79 299.68 12.481 300.42 0.74 12.589 0.107
Bottom 33X-4, 74-76 301.15 12.696 33X-5, 77-79 302.68 12.920 301.92 0.76 12.808 0.112
Globoconella 
praescitula Top 33X-5, 77-79 302.68 12.920 33X-4, 74-76 301.15 12.696 301.92 0.77 12.808 0.112
Bottom 33X-CC 303.94 13.104 34X-2, 77-79 307.88 13.680 305.91 1.97 13.392 0.288
Globoconella 
triangula Top 2H-3, 77-79 8.48 0.154 2H-1, 77-79 5.48 0.100 6.98 1.50 0.127 0.027
Bottom 9H-1, 75-77 71.96 1.462 9H-2, 75-77 73.46 1.498 72.71 0.75 1.480 0.018
Globoconella 
puncticulata Top 8H-3, 75-77 65.46 1.305 8H-1, 75-77 62.46 1.232 63.96 1.50 1.268 0.036
Bottom 20H-7, 77-79 185.48 4.632 20H-CC 185.49 4.632 185.49 0.01 4.632 0.000
Globorotalia 
cibaoensis Top 14X-6, 75-77 126.96 2.766 14H-5, 75-77 125.46 2.729 126.21 0.75 2.747 0.018
Bottom 28X-2, 77-79 250.38 8.087 28X-2, 127-129 250.87 8.122 250.63 0.25 8.104 0.017
Globorotalia 
crassaformis Top 3H-2, 77-79 16.48 0.300 2H-7, 73-75 13.94 0.254 15.21 1.27 0.277 0.023



















Depth (mbsf) ± m Avg. Age ± Ma
Globorotalia crassula Top 2H-5, 77-79 11.48 0.209 2H-3, 77-79 8.48 0.154 9.98 1.50 0.182 0.027
Bottom 18H-2, 77-79 158.98 3.676 18H-3, 77-79 160.48 3.733 159.73 0.75 3.705 0.029
Globorotalia hirsuta Top 2H-1, 77-79 5.48 0.100 1H-3, 77-79 3.78 0.069 4.63 0.85 0.084 0.015
Bottom 5H-5, 77-79 39.98 0.728 5H-7, 75-77 42.96 0.782 41.47 1.49 0.755 0.027
Globorotalia juanai Top 25X-4, 79-81 224.40 6.506 25X-4, 77-79 224.38 6.505 224.39 0.01 6.506 0.000
Bottom 26X-4, 77-79 234.38 7.043 26X-5, 27-29 234.82 7.089 234.60 0.22 7.066 0.023
Globorotalia limbata Top 20H-3, 77-79 179.48 4.396 20H-2, 77-79 177.98 4.348 178.73 0.75 4.372 0.024
Bottom 20H-3, 77-79 179.48 4.396 20H-4, 77-79 180.98 4.444 180.23 0.75 4.420 0.024
Globorotalia 
margaritae Top 19H-2, 77-79 168.48 4.038 19H-1, 77-79 166.98 3.981 167.73 0.75 4.009 0.029
Bottom 25X-CC 224.51 6.509 26X-1, 27-29 229.37 6.667 226.94 2.43 6.588 0.079
Globorotalia 
menardii Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 33X-2, 77-79 298.18 12.261 33X-3, 77-79 299.68 12.481 298.93 0.75 12.371 0.110
Globorotalia 
merotumida Top 22X-5, 77-79 197.18 5.121 22X-4, 77-79 195.68 5.061 196.43 0.75 5.091 0.030
Bottom 30X-2, 81-83 269.72 9.822 30X-3, 77-79 271.18 9.901 270.45 0.73 9.862 0.039
Globorotalia 
plesiotumida Top 16H-1, 75-77 138.46 3.052 15H-6, 75-77 136.46 2.999 137.46 1.00 3.025 0.026
Bottom 25X-CC 224.51 6.509 26X-1, 27-29 229.37 6.667 226.94 2.43 6.588 0.079
Globorotalia 
praemenardii Top 33H-2, 77-79 298.18 12.261 32X-CC 295.16 12.198 296.67 1.51 12.230 0.032
Bottom 33X-4, 74-76 301.15 12.696 33X-5, 77-79 302.68 12.920 301.92 0.76 12.808 0.112
Globorotalia 
pseudomiocenica Top 15H-6, 75-77 136.46 2.999 15H-5, 75-77 134.96 2.962 135.71 0.75 2.981 0.018
Bottom 23X-3, 77-79 203.88 5.422 23X-4, 78-80 205.39 5.495 204.64 0.75 5.458 0.037
Globorotalia scitula Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 32X-CC 295.16 12.198 33X-2, 77-79 298.18 12.261 296.67 1.51 12.230 0.032
Globorotalia theyeri Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -



















Depth (mbsf) ± m Avg. Age ± Ma
Globorotalia 
tosaensis Top 5H-1, 77-79 33.98 0.618 4H-5, 77-79 30.48 0.555 32.23 1.75 0.586 0.032
Bottom 16H-7, 75-77 147.46 3.318 17H-1, 78-80 147.99 3.337 147.73 0.27 3.328 0.009
Globorotalia 
truncatulinoides Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 11H-3, 75-77 93.96 1.975 11H-4, 75-77 95.46 2.014 94.71 0.75 1.994 0.019
Globorotalia tumida Top 2H-1, 77-79 5.48 0.100 1H-3, 77-79 3.78 0.069 4.63 0.85 0.084 0.015
Bottom 23X-2, 77-79 202.38 5.349 23X-3, 77-79 203.88 5.422 203.13 0.75 5.385 0.036
Globorotalia 
ungulata Top 6H-3, 75-77 46.46 0.857 6H-2, 75-77 44.96 0.825 45.71 0.75 0.841 0.016
Bottom 6H-3, 75-77 46.46 0.857 6H-4, 77-79 47.98 0.890 47.22 0.76 0.873 0.016
Neogloboquadrina 
acostaensis Top 16H-7, 75-77 147.46 3.318 16H-6, 75-77 145.96 3.260 146.71 0.75 3.289 0.029
Bottom 27X-1, 77-79 239.48 7.200 27X-1, 127-129 239.97 7.207 239.73 0.25 7.203 0.004
Neogloboquadrina 
atlantica Top 2H-1, 77-79 5.48 0.100 1H-3, 77-79 3.78 0.069 4.63 0.85 0.084 0.015
Bottom 27X-1, 77-79 239.48 7.200 27X-1, 127-129 239.97 7.207 239.73 0.25 7.203 0.004
Neogloboquadrina 
dutertrei Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 25X-3, 77-79 223.18 6.466 25X-4, 77-79 224.38 6.505 223.78 0.60 6.486 0.019
Neogloboquadrina 
humerosa Top 7H-2, 75-77 54.46 1.036 7H-1, 75-77 52.96 0.998 53.71 0.75 1.017 0.019
Bottom 25X-CC 224.51 6.509 26X-1, 27-29 229.37 6.667 226.94 2.43 6.588 0.079
Neogloboquadrina 
incompta Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 32X-3, 77-79 290.38 11.576 32X-5, 77-79 293.38 12.130 291.88 1.50 11.853 0.277
Neogloboquadrina 
inglei Top 17H-4, 78-80 152.49 3.468 17H-3, 75-77 150.96 3.423 151.73 0.76 3.446 0.022
Bottom 17H-4, 78-80 152.49 3.468 17H-5, 77-79 153.98 3.511 153.24 0.75 3.490 0.022
Neogloboquadrina 
pachyderma Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -





























Depth (mbsf) ± m Avg. Age ± Ma
Pulleniatina 
obliquiloculata Top 1H-1, 77-79 0.78 0.014 - - - 0.78 - 0.014 -
Bottom 13H-5, 75-77 115.96 2.499 13H-6, 75-77 117.46 2.534 116.71 0.75 2.517 0.018
Pulleniatina primalis Top 11H-1, 77-79 90.98 1.906 11H-1, 75-77 90.96 1.905 90.97 0.01 1.906 0.000





APPENDIX I  
HOLES 1207A, 1208A, AND 1209A STABLE ISOTOPIC DATA 
Stable isotopic measurements (δ13C, d13C; and δ18O, d18O) for Ocean Drilling 
Program Holes 1207A, 1208A, and 1209A from surface-dwelling planktic foraminiferal 






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1207A 5H-5, 127-129 40.57 2.495 Gs. ruber 1.110 -0.103
198 1207A 5H-5, 145-147 40.76 2.501 Gs. ruber 1.810 -0.920
198 1207A 5H-6, 27-29 41.07 2.512 Gs. ruber 1.460 -0.511
198 1207A 5H-6, 52-54 41.33 2.520 Gs. ruber 1.109 -0.484
198 1207A 5H-6, 127-129 42.07 2.545 Gs. ruber 0.849 0.098
198 1207A 5H-6, 145-147 42.26 2.552 Gs. ruber 1.578 -0.795
198 1207A 5H-7, 27-29 42.57 2.562 Gs. ruber 1.387 -0.476
198 1207A 6H-1, 2-4 42.83 2.571 Gs. ruber 1.477 -0.539
198 1207A 6H-1, 20-22 43.01 2.577 Gs. ruber 1.667 -1.099
198 1207A 6H-1, 39-41 43.2 2.585 Gs. ruber 1.318 -0.580
198 1207A 6H-1, 60-62 43.41 2.596 Gs. ruber 1.241 -0.618
198 1207A 6H-1, 77-79 43.58 2.604 Gs. ruber 1.150 -0.145
198 1207A 6H-1, 127-129 44.07 2.630 Gs. ruber 1.000 -0.480
198 1207A 6H-1, 145-147 44.26 2.640 Gs. ruber 1.344 -0.475
198 1207A 6H-2, 5-7 44.36 2.645 Gs. ruber 1.172 -0.477
198 1207A 6H-2, 27-29 44.57 2.656 Gs. ruber 1.318 -0.264
198 1207A 6H-2, 40-42 44.71 2.663 Gs. ruber 1.777 -0.502
198 1207A 6H-2, 60-62 44.91 2.674 Gs. ruber 1.504 -0.762
198 1207A 6H-2, 100-102 45.31 2.695 Gs. ruber 0.824 -0.323
198 1207A 6H-2, 127-129 45.57 2.708 Gs. ruber 1.807 0.021
198 1207A 6H-3, 5-7 45.86 2.724 Gs. ruber 0.980 0.236
198 1207A 6H-3, 27-29 46.07 2.734 Gs. ruber 1.402 -0.395
198 1207A 6H-3, 40-42 46.21 2.742 Gs. ruber 1.018 0.102
198 1207A 6H-3, 77-79 46.57 2.761 Gs. ruber 1.587 -0.106
198 1207A 6H-3, 100-102 46.81 2.773 Gs. ruber 1.144 0.176
198 1207A 6H-3, 127-129 47.07 2.787 Gs. ruber 1.322 -0.040
198 1207A 6H-3, 145-147 47.26 2.797 Gs. ruber 1.596 -0.558
198 1207A 6H-4, 5-7 47.36 2.802 Gs. ruber 1.405 -0.017
198 1207A 6H-4, 27-29 47.57 2.813 Gs. ruber 1.886 -0.259
198 1207A 6H-4, 27-29 47.57 2.813 Gs. ruber 0.964 0.544
198 1207A 6H-4, 40-42 47.71 2.820 Gs. ruber 1.415 -0.100
198 1207A 6H-4, 100-102 48.31 2.851 Gs. ruber 1.038 0.315
198 1207A 6H-4, 108-110 48.39 2.856 Gs. ruber 1.462 -0.354
198 1207A 6H-4, 120-122 48.51 2.862 Gs. ruber 1.034 -0.434
198 1207A 6H-5, 5-7 48.86 2.880 Gs. ruber 1.188 -0.004
198 1207A 6H-5, 40-42 49.21 2.898 Gs. ruber 1.542 -0.197
198 1207A 6H-5, 60-62 49.41 2.909 Gs. ruber 1.724 -0.752
198 1207A 6H-5, 77-79 49.57 2.917 Gs. ruber 1.592 -0.519
198 1207A 6H-5, 100-102 49.81 2.930 Gs. ruber 1.420 -0.683
198 1207A 6H-5, 127-129 50.07 2.943 Gs. ruber 1.820 -0.928
198 1207A 6H-6, 5-7 50.36 2.958 Gs. ruber 1.275 -0.040
198 1207A 6H-6, 27-29 50.57 2.969 Gs. ruber 1.756 -0.497






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1207A 6H-6, 77-79 51.07 2.995 Gs. ruber 1.450 -0.800
198 1207A 6H-6, 80-82 51.11 2.998 Gs. ruber 1.646 -0.642
198 1207A 6H-6, 100-102 51.31 3.008 Gs. ruber 1.424 -0.179
198 1207A 6H-6, 145-147 51.76 3.031 Gs. ruber 1.340 -0.650
198 1207A 6H-7, 6-8 51.87 3.038 Gs. ruber 1.652 0.173
198 1207A 6H-7, 27-29 52.07 3.049 Gs. ruber 1.094 -0.366
198 1207A 6H-7, 40-42 52.21 3.057 Gs. ruber 1.346 0.245
198 1207A 6H-7, 60-62 52.41 3.068 Gs. ruber 0.556 0.215
198 1207A 6H-7, 127-129 52.5 3.073 Gs. ruber 1.288 -0.812
198 1207A 7H-1, 40-42 52.71 3.085 Gs. ruber 1.158 -0.574
198 1207A 7H-1, 55-57 52.86 3.094 Gs. ruber 1.578 -0.749
198 1207A 7H-1, 77-79 53.08 3.106 Gs. ruber 1.007 -0.233
198 1207A 6H-7, 127-129 53.08 3.106 Gs. ruber 1.288 -0.812
198 1207A 7H-1, 127-129 53.57 3.124 Gs. ruber 1.522 -0.074
198 1207A 7H-2, 5-7 53.86 3.132 Gs. ruber 1.522 -0.731
198 1207A 7H-2, 27-29 54.07 3.137 Gs. ruber 1.109 -0.399
198 1207A 7H-2, 40-42 54.21 3.141 Gs. ruber 1.258 -0.858
198 1207A 7H-2, 60-62 54.41 3.146 Gs. ruber 0.663 -0.090
198 1207A 7H-2, 77-79 54.57 3.150 Gs. obliquus 0.793 -0.604
198 1207A 7H-3, 127-129 56.57 3.201 Gs. ruber 1.640 -0.371
198 1207A 7H-4, 5-7 56.86 3.211 Gs. ruber 1.745 -0.802
198 1207A 7H-4, 40-42 57.21 3.233 Gs. ruber 1.713 -0.321
198 1207A 7H-4, 60-62 57.41 3.246 Gs. ruber 1.586 -1.192
198 1207A 7H-4, 77-79 57.58 3.256 Gs. ruber 1.551 -0.689
198 1207A 7H-4, 100-102 57.81 3.270 Gs. ruber 0.929 -0.647
198 1207A 7H-4, 127-129 58.07 3.287 Gs. ruber 1.082 -0.045
198 1207A 7H-5, 5-7 58.36 3.305 Gs. ruber 0.994 -0.207
198 1207A 7H-5, 27-29 58.57 3.318 Gs. ruber 1.058 -0.663
198 1207A 7H-5, 40-42 58.71 3.326 Gs. ruber 0.888 -1.050
198 1207A 7H-5, 60-62 58.91 3.335 Gs. ruber 0.869 -0.737
198 1207A 7H-5, 127-129 59.57 3.356 Gs. ruber 1.625 -1.187
198 1207A 7H-6, 27-29 60.07 3.372 Gs. ruber 0.064 0.845
198 1207A 7H-6, 40-42 60.21 3.377 Gs. ruber 0.507 0.676
198 1207A 7H-6, 60-62 60.41 3.384 Gs. ruber 0.414 0.883
198 1207A 7H-6, 100-102 60.81 3.397 Gs. ruber 1.003 0.340
198 1207A 7H-6, 127-129 61.07 3.405 Gs. ruber 0.762 -0.429
198 1207A 8H-1, 6-8 61.87 3.431 Gs. ruber 1.053 -0.021
198 1207A 8H-1, 100-102 62.81 3.462 Gs. ruber 1.201 -0.644
198 1207A 8H-1, 127-129 63.07 3.471 Gs. ruber 1.154 -0.871
198 1207A 8H-2, 60-62 63.91 3.498 Gs. ruber 1.008 -0.159
198 1207A 8H-2, 77-79 64.07 3.503 Gs. ruber 2.109 -1.713
198 1207A 8H-2, 100-102 64.31 3.511 Gs. ruber 1.121 -0.225






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1207A 8H-3, 40-42 65.21 3.540 Gs. ruber 1.338 -1.128
198 1207A 8H-3, 58-60 65.39 3.546 Gs. ruber 1.034 -0.478
198 1207A 8H-4, 5-7 66.36 3.578 Gs. ruber 1.455 -1.021
198 1207A 8H-4, 100-102 67.31 3.614 Gs. ruber 1.482 -1.066
198 1207A 8H-4, 127-129 67.57 3.625 Gs. obliquus 1.697 -1.192
198 1207A 8H-5, 60-62 68.41 3.663 Gs. ruber 1.057 0.271
198 1207A 8H-5, 127-129 69.07 3.692 Gs. obliquus 1.211 -0.592
198 1207A 8H-6, 6-8 69.37 3.705 Gs. obliquus 1.376 -0.756
198 1207A 8H-6, 27-29 69.57 3.714 Gs. obliquus 1.145 -0.449
198 1207A 8H-6, 40-42 69.71 3.720 Gs. obliquus 1.221 -0.470
198 1207A 8H-6, 77-79 70.07 3.736 Gs. obliquus 1.610 -1.270
198 1207A 8H-6, 100-102 70.31 3.747 Gs. obliquus 1.839 -0.653
198 1207A 8H-6, 127-129 70.57 3.758 Gs. ruber 0.967 -0.487
198 1207A 8H-7, 27-29 71.07 3.781 Gs. obliquus 1.239 -0.715
198 1207A 8H-7, 53-55 71.34 3.793 Gs. obliquus 1.669 -0.919
198 1207A 9H-1, 6-8 71.37 3.794 Gs. ruber 0.709 0.067
198 1207A 9H-1, 27-29 71.57 3.803 Gs. obliquus 1.504 -0.912
198 1207A 9H-1, 40-42 71.71 3.809 Gs. obliquus 1.351 -0.386
198 1207A 9H-1, 100-102 72.31 3.836 Gs. obliquus 0.666 -0.253
198 1207A 9H-1, 127-129 72.57 3.847 Gs. obliquus 1.422 -0.922
198 1207A 9H-2, 5-7 72.86 3.860 Gs. obliquus 0.772 -0.720
198 1207A 9H-2, 27-29 73.07 3.869 Gs. obliquus 1.212 -0.806
198 1207A 9H-2, 40-42 73.21 3.876 Gs. obliquus 0.825 -1.099
198 1207A 9H-2, 60-62 73.41 3.884 Gs. obliquus 1.390 -0.571
198 1207A 9H-2, 100-102 73.81 3.902 Gs. obliquus 1.445 -1.297
198 1207A 9H-2, 127-129 74.07 3.914 Gs. obliquus 1.650 -0.822
198 1207A 9H-3, 6-8 74.37 3.927 Gs. obliquus 1.259 -0.787
198 1207A 9H-3, 27-29 74.57 3.936 Gs. ruber 1.222 -0.719
198 1207A 9H-3, 40-42 74.71 3.942 Gs. ruber 1.368 -0.191
198 1207A 9H-3, 60-62 74.91 3.951 Gs. obliquus 0.591 -0.758
198 1207A 9H-3, 77-79 75.07 3.958 Gs. obliquus 1.283 -0.025
198 1207A 9H-3, 100-102 75.31 3.969 Gs. obliquus 1.097 -0.403
198 1207A 9H-3, 127-129 75.57 3.980 Gs. obliquus 1.340 -0.934
198 1207A 9H-4, 6-8 75.87 3.994 Gs. obliquus 1.506 -1.002
198 1207A 9H-4, 27-29 76.07 4.002 Gs. obliquus 1.135 -0.772
198 1207A 9H-4, 40-42 76.21 4.009 Gs. obliquus 1.592 -0.228
198 1207A 9H-4, 40-42 76.21 4.009 Gs. obliquus 1.592 -0.228
198 1207A 9H-4, 100-102 76.81 4.035 Gs. obliquus 1.269 -1.371
198 1207A 9H-5, 5-7 77.36 4.060 Gs. obliquus 0.890 -0.861
198 1207A 9H-5, 27-29 77.57 4.069 Gs. obliquus 1.204 -0.812
198 1207A 9H-5, 40-42 77.71 4.075 Gs. obliquus 1.158 0.309
198 1207A 9H-5, 100-102 78.31 4.102 Gs. obliquus 1.487 -0.878






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1207A 9H-6, 5-7 78.86 4.126 Gs. obliquus 1.293 -0.477
198 1207A 9H-6, 5-7 78.86 4.126 Gs. obliquus 1.293 -0.477
198 1207A 9H-6, 60-62 79.41 4.151 Gs. obliquus 0.916 0.126
198 1207A 9H-6, 77-79 79.57 4.158 Gs. obliquus 1.009 0.267
198 1207A 9H-6, 100-102 79.81 4.168 Gs. obliquus 1.416 -0.724
198 1207A 9H-6, 127-129 80.07 4.180 Gs. obliquus 1.344 -1.035
198 1207A 9H-7, 5-7 80.36 4.192 Gs. obliquus 1.237 -0.862
198 1207A 9H-7, 38-40 80.69 4.204 Gs. obliquus 1.370 -0.513
198 1207A 10H-1, 5-7 80.86 4.210 Gs. obliquus 1.199 -0.654
198 1207A 9H-7, 60-62 80.91 4.212 Gs. obliquus 1.058 -0.996
198 1207A 10H-1, 127-129 81.07 4.218 Gs. obliquus 0.995 -0.372
198 1207A 10H-1, 40-42 81.21 4.223 Gs. obliquus 0.959 -0.932
198 1207A 10H-1, 60-62 81.41 4.230 Gs. obliquus 1.099 -0.321
198 1207A 10H-1, 100-102 81.81 4.244 Gs. obliquus 1.094 -0.633
198 1207A 10H-1, 127-129 82.07 4.254 Gs. obliquus 1.276 -0.777
198 1207A 10H-2, 27-29 82.57 4.272 Gs. obliquus 1.732 -1.181
198 1207A 10H-2, 40-42 82.71 4.277 Gs. obliquus 0.933 -0.822
198 1207A 10H-2, 127-129 83.57 4.312 Gs. obliquus 1.829 -1.448
198 1207A 10H-3, 27-29 84.07 4.337 Gs. obliquus 1.519 -1.044
198 1207A 10H-3, 100-102 84.81 4.374 Gs. obliquus 1.477 -0.264
198 1207A 10H-4, 5-7 85.36 4.401 Gs. obliquus 1.343 -0.849
198 1207A 10H-4, 27-29 85.57 4.412 Gs. obliquus 1.830 -0.533
198 1207A 10H-4, 40-42 85.71 4.419 Gs.  obliquus 1.625 -0.424
198 1207A 10H-4, 77-79 86.07 4.437 Gs. obliquus 1.022 -0.407
198 1207A 10H-4, 100-102 86.31 4.449 Gs. obliquus 1.472 -0.707
198 1207A 10H-4, 114-116 86.45 4.456 Gs. obliquus 1.199 -0.647
198 1207A 10H-5, 60-62 87.41 4.502 Gs. obliquus 1.187 -1.003
198 1207A 11H-5, 77-79 87.57 4.509 Gs. obliquus 1.170 -0.408
198 1207A 10H-5, 100-102 87.81 4.519 Gs. obliquus 1.203 -0.420
198 1207A 10H-6, 27-29 88.57 4.551 Gs. obliquus 0.505 -0.753
198 1207A 10H-7, 40-42 90.21 4.620 Gs. obliquus 1.008 -0.800
198 1207A 11H-1, 127-129 91.57 4.728 Gs. obliquus 1.114 -0.246
198 1207A 11H-2, 40-42 92.21 4.783 Gs. obliquus 1.656 -1.244
198 1207A 11H-2, 127-129 93.07 4.833 Gs. obliquus 1.254 -0.433
198 1207A 11H-3, 27-29 93.57 4.858 Gs. obliquus 0.733 -0.886
198 1207A 11H-3, 100-102 94.31 4.895 Gs. obliquus 1.547 -1.138
198 1207A 11H-4, 5-7 94.86 4.918 Gs. obliquus 1.236 -1.163
198 1207A 11H-4, 40-42 95.21 4.932 Gs. obliquus 0.632 -1.438
198 1207A 11H-4, 100-102 95.81 4.956 Gs. obliquus 1.129 -0.955
198 1207A 11H-5, 5-7 96.36 4.978 Gs. obliquus 1.078 -0.683
198 1207A 11H-5, 77-79 97.07 5.015 Gs. obliquus 1.170 -0.408
198 1207A 11H-6, 27-29 98.07 5.091 Gs. obliquus 1.466 -0.303






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1208A 15H-6, 128-130 136.99 3.012 Gs. ruber 1.254 -1.120
198 1208A 15H-7, 25-27 137.46 3.024 Gs. obliquus 0.861 -0.343
198 1208A 16H-1, 75-77 138.46 3.052 Gs. ruber 1.394 -1.408
198 1208A 16H-1, 77-79 138.48 3.052 Gs. ruber 1.185 -1.174
198 1208A 16H-1, 137-139 139.08 3.070 Gs. ruber 0.581 -0.667
198 1208A 16H-2, 40-42 139.61 3.086 Gs. obliquus 0.996 -0.753
198 1208A 16H-2, 75-77 139.96 3.096 Gs. obliquus 0.664 -0.732
198 1208A 16H-2, 132-134 140.53 3.113 Gs. ruber 1.203 -0.586
198 1208A 16H-3, 35-37 141.06 3.126 Gs. ruber 0.664 -0.552
198 1208A 16H-3, 131-133 142.02 3.148 Gs. ruber 0.845 -0.871
198 1208A 16H-6, 35-37 145.56 3.245 Gs. ruber 1.673 -2.131
198 1208A 16H-6, 75-77 145.96 3.260 Gs. obliquus 0.960 -0.702
198 1208A 16H-6, 129-131 146.5 3.281 Gs. ruber 1.789 -1.350
198 1208A 16H-7, 35-37 147.06 3.303 Gs. ruber 0.886 -0.612
198 1208A 16H-7, 75-77 147.46 3.318 Gs. obliquus 0.839 -0.691
198 1208A 17H-1, 129-131 148.5 3.352 Gs. ruber 0.979 -0.778
198 1208A 17H-2, 35-37 149.06 3.368 Gs. ruber 0.365 0.948
198 1208A 17H-2, 128-130 149.99 3.395 Gs. obliquus 0.779 -0.967
198 1208A 17H-4, 35-37 152.06 3.455 Gs. ruber 0.288 -0.352
198 1208A 17H-4, 78-80 152.49 3.468 Gs. ruber 0.757 -0.118
198 1208A 17H-5, 77-79 153.98 3.511 Gs. ruber 0.752 0.171
198 1208A 17H-6, 77-79 155.48 3.555 Gs. ruber 1.034 -0.604
198 1208A 18H-1, 128-130 157.99 3.638 Gs. ruber 1.295 -0.711
198 1208A 18H-2, 35-37 158.56 3.660 Gs. ruber 0.992 -0.372
198 1208A 18H-2, 77-79 158.98 3.676 Gs. ruber 1.678 -1.291
198 1208A 17H-6, 77-79 160.48 3.733 Gs. ruber 1.034 -0.604
198 1208A 18H-3, 128-130 160.99 3.753 Gs. obliquus 1.342 -0.871
198 1208A 18H-4, 35-37 161.56 3.774 Gs. obliquus 1.598 -1.342
198 1208A 18H-5, 3-5 162.73 3.819 Gs. ruber 1.160 -0.609
198 1208A 18H-5, 10-12 162.8 3.821 Gs. obliquus 0.636 -0.145
198 1208A 18H-5, 24-26 162.94 3.827 Gs. obliquus 0.549 -0.526
198 1208A 18H-5, 42-44 163.12 3.834 Gs. obliquus 0.626 -0.878
198 1208A 18H-5, 50-52 163.2 3.837 Gs. obliquus 0.730 -1.675
198 1208A 18H-5, 62-64 163.32 3.841 Gs. obliquus 0.822 -0.915
198 1208A 18H-5, 72-74 163.43 3.845 Gs. ruber 0.582 0.132
198 1208A 18H-5, 77-79 163.48 3.847 Gs. ruber 0.304 0.240
198 1208A 18H-5, 82-84 163.53 3.849 Gs. obliquus 0.769 -1.092
198 1208A 18H-5, 110-112 163.8 3.860 Gs. obliquus 1.283 -1.399
198 1208A 18H-6, 22-24 164.42 3.883 Gs. obliquus 1.138 -1.394
198 1208A 18H-6, 32-34 164.52 3.887 Gs. ruber 0.860 -0.105
198 1208A 18H-6, 42-44 164.62 3.891 Gs. obliquus 1.196 -1.142
198 1208A 18H-6, 52-54 164.73 3.895 Gs. obliquus 1.279 -1.024






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1208A 18H-6, 77-79 164.98 3.904 Gs. obliquus 1.404 -1.982
198 1208A 18H-6, 90-92 165.11 3.909 Gs. obliquus 0.687 -1.907
198 1208A 18H-6, 110-112 165.31 3.917 Gs. obliquus 1.241 -1.796
198 1208A 18H-6, 132-134 165.52 3.925 Gs. obliquus 0.837 -0.682
198 1208A 18H-6, 142-144 165.62 3.929 Gs. obliquus 1.214 -0.972
198 1208A 18H-7, 3-5 165.74 3.933 Gs. obliquus 0.854 -0.230
198 1208A 18H-7, 22-24 165.93 3.941 Gs. obliquus 0.889 0.030
198 1208A 18H-7, 42-44 166.13 3.948 Gs. obliquus 1.181 -0.725
198 1208A 19H-1, 3-5 166.24 3.952 Gs. obliquus 0.710 -0.431
198 1208A 18H-7, 62-64 166.32 3.955 Gs. obliquus 1.080 -0.954
198 1208A 18H-CC, 0-2 166.4 3.959 Gs. obliquus 0.802 -1.674
198 1208A 19H-1, 22-24 166.42 3.959 Gs. obliquus 1.252 -1.455
198 1208A 19H-1, 27-29 166.47 3.961 Gs. obliquus 0.966 -1.641
198 1208A 19H-1, 30-32 166.5 3.962 Gs. obliquus 0.666 0.351
198 1208A 18H-CC, 20-22 166.6 3.966 Gs. ruber 1.354 -0.720
198 1208A 19H-1, 50-52 166.7 3.970 Gs. obliquus 1.314 -1.101
198 1208A 19H-1, 97-99 167.18 3.988 Gs. obliquus 1.470 -1.456
198 1208A 19H-1, 110-112 167.31 3.993 Gs. obliquus 1.079 -0.750
198 1208A 19H-1, 122-124 167.43 3.998 Gs. obliquus 1.431 -1.511
198 1208A 19H-1, 130-132 167.51 4.001 Gs. obliquus 1.319 -1.485
198 1208A 19H-2, 77-79 168.48 4.038 Gs. obliquus 1.022 -0.635
198 1208A 19H-2, 100-102 168.71 4.046 Gs. obliquus 1.116 -1.407
198 1208A 19H-3, 26-28 169.47 4.075 Gs. obliquus 1.052 -1.084
198 1208A 19H-3, 48-50 169.69 4.084 Gs. obliquus 1.336 -1.320
198 1208A 19H-3, 125-127 170.46 4.113 Gs. obliquus 1.197 -1.439
198 1208A 19H-4, 25-27 170.96 4.132 Gs. obliquus 0.880 -0.068
198 1208A 19H-4, 77-79 171.48 4.152 Gs. obliquus 0.943 -0.561
198 1208A 19H-5, 48-50 172.69 4.195 Gs. obliquus 1.016 -0.663
198 1208A 19H-5, 98-100 173.19 4.209 Gs. obliquus 1.064 -0.806
198 1208A 19H-5, 124-126 173.45 4.216 Gs. obliquus 0.908 -1.560
198 1208A 19H-6, 26-28 173.97 4.231 Gs. obliquus 0.699 -0.411
198 1208A 19H-6, 100-102 174.71 4.251 Gs. obliquus 1.133 -1.899
198 1208A 19H-7, 50-52 175.71 4.279 Gs. obliquus 1.287 -1.218
198 1208A 20H-1, 27-29 175.97 4.286 Gs. obliquus 1.288 -1.745
198 1208A 20H-1, 48-50 176.19 4.292 Gs. obliquus 1.280 -1.087
198 1208A 20H-1, 125-127 176.96 4.316 Gs. obliquus 1.021 -0.468
198 1208A 20H-2, 25-27 177.46 4.332 Gs. obliquus 0.426 -0.259
198 1208A 20H-2, 50-52 177.71 4.340 Gs. obliquus 1.333 -0.757
198 1208A 20H-2, 77-79 177.98 4.348 Gs. obliquus 1.065 -0.951
198 1208A 20H-3, 50-52 179.21 4.388 Gs. obliquus 2.189 -2.069
198 1208A 20H-4, 50-52 180.71 4.435 Gs. obliquus 1.244 -0.692
198 1208A 20H-4, 77-79 180.98 4.444 Gs. obliquus 1.354 -0.924






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1208A 20H-4, 127-129 181.47 4.460 Gs. obliquus 0.736 -1.005
198 1208A 20H-5, 50-52 182.21 4.483 Gs. obliquus 0.845 -0.737
198 1208A 20H-6, 25-27 183.46 4.537 Gs. obliquus 1.088 -0.551
198 1208A 20H-6, 50-52 183.71 4.549 Gs. obliquus 0.985 -0.576
198 1208A 20H-7, 50-52 185.21 4.619 Gs. obliquus 1.006 -0.775
198 1208A 21X-4, 77-79 190.47 4.866 Gs. obliquus 1.105 -1.706
198 1208A 22X-1, 50-52 190.91 4.890 Gs. obliquus 0.544 -0.797
198 1208A 21X-CC 190.94 4.892 Gs. obliquus 1.058 -1.173
198 1208A 22X-1, 77-79 191.18 4.902 Gs. obliquus 1.083 -0.986
Hole 1209A
Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1209A 4H-7, 27-29 36.47 2.499 Gs. ruber 0.933 -0.170
198 1209A 4H-7, 45-47 36.66 2.512 Gs. ruber 0.940 0.168
198 1209A 5H-1, 15-17 36.86 2.525 Gs. ruber 1.373 -0.184
198 1209A 5H-1, 45-47 37.16 2.545 Gs. ruber 1.547 -0.876
198 1209A 5H-1, 60-62 37.31 2.556 Gs. ruber 1.317 -1.093
198 1209A 5H-1, 105-107 37.76 2.584 Gs. ruber 1.148 -0.747
198 1209A 5H-1, 127-129 37.97 2.592 Gs. ruber 0.471 -0.091
198 1209A 5H-1, 145-147 38.16 2.599 Gs. ruber 0.714 0.390
198 1209A 5H-2, 11-13 38.32 2.605 Gs. ruber 1.407 -0.185
198 1209A 5H-2, 27-29 38.47 2.611 Gs. ruber 0.839 0.234
198 1209A 5H-2, 45-47 38.66 2.618 Gs. ruber 0.611 0.023
198 1209A 5H-2, 60-62 38.81 2.624 Gs. ruber 0.865 -0.048
198 1209A 5H-2, 77-79 38.97 2.630 Gs. ruber 0.621 -0.245
198 1209A 5H-2, 105-107 39.26 2.641 Gs. ruber 1.013 -0.043
198 1209A 5H-3, 15-17 39.86 2.664 Gs. ruber 0.514 -0.304
198 1209A 5H-3, 27-29 39.97 2.669 Gs. ruber 0.849 -0.410
198 1209A 5H-3, 45-47 40.16 2.676 Gs. ruber 1.026 -0.001
198 1209A 5H-3, 60-62 40.31 2.682 Gs. ruber 0.656 -0.066
198 1209A 5H-4, 25-27 41.45 2.725 Gs. ruber 0.983 -0.488
198 1209A 5H-4, 62-64 41.83 2.740 Gs. ruber 0.540 -0.389
198 1209A 5H-4, 105-107 42.26 2.757 Gs. ruber 0.952 -0.452
198 1209A 5H-4, 127-129 42.47 2.765 Gs. obliquus 0.610 0.351
198 1209A 5H-5, 27-29 42.97 2.784 Gs. ruber 0.403 -0.491
198 1209A 5H-4, 181-183 43.02 2.786 Gs. ruber 0.827 -0.423
198 1209A 5H-5, 45-47 43.16 2.791 Gs. ruber 0.873 0.040
198 1209A 5H-5, 60-62 43.31 2.797 Gs. ruber 1.047 -0.164
198 1209A 5H-5, 77-79 43.47 2.803 Gs. obliquus 0.616 -0.434
198 1209A 5H-5, 105-107 43.76 2.814 Gs. ruber 0.957 -0.641
198 1209A 5H-5, 127-129 43.97 2.822 Gs. ruber 1.283 -1.051






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1209A 5H-6, 27-29 44.47 2.841 Gs. ruber 0.913 -0.218
198 1209A 5H-6, 47-49 44.68 2.850 Gs. ruber 0.798 -0.187
198 1209A 5H-6, 62-64 44.83 2.855 Gs. ruber 0.800 -0.322
198 1209A 5H-6, 77-79 44.97 2.861 Gs. ruber 0.839 -0.266
198 1209A 5H-6, 106-108 45.27 2.872 Gs. ruber 0.535 -0.232
198 1209A 5H-6, 127-129 45.47 2.880 Gs. ruber 0.913 -0.133
198 1209A 5H-7, 15-17 45.86 2.895 Gs. ruber 0.799 0.059
198 1209A 5H-7, 45-47 46.16 2.906 Gs. ruber 1.527 -0.961
198 1209A 6H-1, 15-17 46.36 2.914 Gs. ruber 0.898 0.093
198 1209A 6H-1, 27-29 46.47 2.918 Gs. ruber 0.842 0.232
198 1209A 6H-1, 45-47 46.66 2.926 Gs. ruber 0.572 0.345
198 1209A 6H-1, 60-62 46.81 2.931 Gs. obliquus 0.352 0.102
198 1209A 6H-1, 145-147 47.66 2.964 Gs. ruber 1.097 0.235
198 1209A 6H-2, 45-47 48.16 2.983 Gs. ruber 0.756 0.209
198 1209A 6H-2, 60-62 48.31 2.989 Gs. ruber 0.703 0.302
198 1209A 6H-2, 77-79 48.47 2.995 Gs. ruber 1.069 0.064
198 1209A 6H-2, 127-129 48.97 3.014 Gs. ruber 1.149 0.102
198 1209A 6H-3, 45-47 49.66 3.056 Gs. ruber 0.458 -0.257
198 1209A 6H-3, 60-62 49.81 3.071 Gs. ruber 0.848 -0.229
198 1209A 6H-3, 77-79 49.97 3.087 Gs. obliquus 1.236 -0.763
198 1209A 6H-3, 105-107 50.26 3.117 Gs. ruber 0.540 0.466
198 1209A 6H-3, 145-147 50.66 3.158 Gs. ruber 1.005 -0.116
198 1209A 6H-4, 45-47 51.16 3.209 Gs. ruber 0.971 0.114
198 1209A 6H-4, 60-62 51.31 3.225 Gs. ruber 1.144 0.022
198 1209A 6H-4, 105-107 51.76 3.271 Gs. ruber 0.856 -0.048
198 1209A 6H-4, 127-129 51.97 3.292 Gs. obliquus 0.514 0.057
198 1209A 6H-4, 140-142 52.11 3.306 Gs. ruber 0.612 -0.472
198 1209A 6H-5, 17-19 52.36 3.331 Gs. ruber 0.957 -0.149
198 1209A 6H-5, 60-62 52.81 3.352 Gs. ruber 0.919 0.192
198 1209A 6H-5, 105-107 53.26 3.373 Gs. obliquus 1.009 -0.654
198 1209A 6H-6, 15-17 53.86 3.401 Gs. ruber 0.810 0.185
198 1209A 6H-6, 27-29 53.97 3.406 Gs. ruber 1.310 0.184
198 1209A 6H-6, 45-47 54.16 3.415 Gs. obliquus 1.046 -0.276
198 1209A 6H-6, 60-62 54.31 3.422 Gs. ruber 1.302 -1.121
198 1209A 6H-6, 77-79 54.47 3.430 Gs. obliquus 0.821 -0.278
198 1209A 6H-6, 105-107 54.76 3.443 Gs. ruber 0.823 0.090
198 1209A 6H-6, 127-129 54.97 3.453 Gs. obliquus 0.606 -0.119
198 1209A 6H-6, 145-147 55.16 3.462 Gs. ruber 1.060 -0.003
198 1209A 6H-7, 27-29 55.47 3.476 Gs. ruber 0.336 0.641
198 1209A 6H-7, 45-47 55.66 3.485 Gs. ruber 0.868 -0.214
198 1209A 6H-7, 60-62 55.81 3.492 Gs. ruber 0.821 0.097
198 1209A 7H-1, 15-17 55.86 3.495 Gs. ruber 1.084 -0.034






Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1209A 7H-1, 45-47 56.16 3.509 Gs. obliquus 0.564 -0.896
198 1209A 7H-1, 60-62 56.31 3.516 Gs. ruber 0.789 -0.231
198 1209A 7H-1, 76-78 56.47 3.523 Gs. obliquus 0.961 -0.207
198 1209A 7H-1, 105-107 56.76 3.537 Gs. ruber 1.098 -0.501
198 1209A 7H-1, 127-129 56.97 3.546 Gs. obliquus 1.414 -0.638
198 1209A 7H-2, 15-17 57.36 3.565 Gs. obliquus 1.103 -0.844
198 1209A 7H-2, 27-29 57.47 3.570 Gs. obliquus 1.179 -1.153
198 1209A 7H-2, 45-47 57.66 3.579 Gs. obliquus 1.116 -0.754
198 1209A 7H-2, 60-62 57.81 3.586 Gs. obliquus 0.693 -0.988
198 1209A 7H-2, 77-79 57.97 3.593 Gs. obliquus 0.480 -0.801
198 1209A 7H-2, 105-107 58.26 3.613 Gs. obliquus 1.263 -0.496
198 1209A 7H-2, 127-129 58.47 3.628 Gs. obliquus 0.968 -0.547
198 1209A 7H-3, 15-17 58.86 3.656 Gs. obliquus 0.898 0.090
198 1209A 7H-3, 27-29 58.97 3.664 Gs. obliquus 0.940 0.027
198 1209A 7H-3, 45-47 59.16 3.678 Gs. obliquus 0.951 0.267
198 1209A 7H-3, 60-62 59.31 3.688 Gs. obliquus 0.950 -0.039
198 1209A 7H-3, 127-129 59.97 3.736 Gs. obliquus 1.075 -0.025
198 1209A 7H-3, 145-147 60.16 3.750 Gs. obliquus 1.112 -0.422
198 1209A 7H-4, 15-17 60.36 3.764 Gs. obliquus 0.523 -0.050
198 1209A 7H-4, 27-29 60.47 3.772 Gs. obliquus 0.666 0.151
198 1209A 7H-4, 45-47 60.66 3.786 Gs. obliquus 0.665 0.128
198 1209A 7H-4, 60-62 60.81 3.797 Gs. obliquus 0.681 -0.244
198 1209A 7H-4, 77-79 60.98 3.809 Gs. obliquus 0.994 -0.212
198 1209A 7H-5, 15-17 61.86 3.872 Gs. obliquus 0.691 0.081
198 1209A 7H-5, 27-29 61.97 3.880 Gs. obliquus 0.916 0.096
198 1209A 7H-5, 45-47 62.16 3.894 Gs. obliquus 0.590 0.188
198 1209A 7H-5, 60-62 62.31 3.905 Gs. obliquus 0.919 -0.584
198 1209A 7H-5, 77-79 62.47 3.916 Gs. obliquus 0.747 0.122
198 1209A 7H-5, 145-147 63.16 3.966 Gs. obliquus 1.129 -0.427
198 1209A 7H-6, 60-62 63.81 4.013 Gs. obliquus 1.016 0.293
198 1209A 7H-6, 127-129 64.47 4.061 Gs. obliquus 0.890 0.099
198 1209A 7H-6, 145-147 64.66 4.074 Gs. obliquus 0.813 0.227
198 1209A 7H-7, 27-29 64.97 4.097 Gs. obliquus 0.807 0.030
198 1209A 8H-1, 105-107 66.26 4.189 Gs. obliquus 0.528 -0.182
198 1209A 8H-1, 145-147 66.66 4.212 Gs. obliquus 0.972 -0.679
198 1209A 8H-2, 15-17 66.86 4.223 Gs. obliquus 0.732 -0.022
198 1209A 8H-2, 60-62 67.31 4.248 Gs. obliquus 0.546 0.030
198 1209A 8H-2, 77-79 67.47 4.257 Gs. obliquus 0.604 -0.576
198 1209A 8H-2, 105-107 67.76 4.274 Gs. obliquus 0.906 -0.788
198 1209A 8H-2, 127-129 67.97 4.285 Gs. obliquus 1.023 -0.444
198 1209A 8H-3, 15-17 68.36 4.313 Gs. obliquus 1.105 -0.378
198 1209A 8H-3, 45-47 68.66 4.343 Gs. obliquus 1.077 -0.120































Leg Hole Core-Section, Interval (cm) Depth (mbsf) Age (Ma) Species d13C d18O
198 1209A 8H-3, 77-79 68.97 4.374 Gs. obliquus 0.797 0.169
198 1209A 8H-3, 105-107 69.26 4.403 Gs. obliquus 0.762 0.002
198 1209A 8H-3, 127-129 69.47 4.424 Gs. obliquus 0.731 -0.160
198 1209A 8H-4, 15-17 69.86 4.462 Gs. obliquus 1.062 -0.163
198 1209A 8H-4, 27-29 69.97 4.473 Gs. obliquus 0.870 -0.062
198 1209A 8H-4, 45-47 70.16 4.492 Gs. obliquus 0.557 -0.263
198 1209A 8H-4, 105-107 70.76 4.552 Gs. obliquus 1.306 -0.161
198 1209A 8H-4, 127-129 70.97 4.573 Gs. obliquus 0.805 -0.263
198 1209A 8H-5, 15-17 71.36 4.612 Gs. obilquus 0.627 -0.408
198 1209A 8H-5, 27-29 71.47 4.623 Gs. obliquus 0.974 -0.744
198 1209A 8H-5, 77-79 71.97 4.673 Gs. obliquus 1.098 -0.254
198 1209A 8H-5, 105-107 72.26 4.701 Gs. obliquus 0.646 -0.393
198 1209A 8H-5, 127-129 72.47 4.722 Gs. obliquus 1.288 -0.117
198 1209A 8H-6, 45-47 73.16 4.791 Gs. obliquus 0.661 -0.039
198 1209A 8H-6, 60-62 73.31 4.807 Gs. obliquus 1.171 -0.558
198 1209A 8H-6, 127-129 73.97 4.883 Gs. obliquus 0.740 0.113
198 1209A 9H-1, 127.5-129.5 75.975 5.026 Gs. obilquus 0.367 -2.495





EXPLANATION OF AGE MODELS 
For paleobiogeographic analyses of the Globoconella planktic foraminiferal 
genus, age models from several deep-sea sites were updated to the Geologic Time Scale 
(GTS) 2012 for the Neogene Period (Hilgen et al., 2012). Globoconellid species have a 
widespread occurrence through the Neogene, and because of their preference for 
transitional or cool water masses (Kennett and Srinivasan, 1983), we have incorporated 
several mid to high latitude sites in this study. Where and when possible, we update 
magnetic reversal boundary ages to the GTS 2012, but this was only possible for a 
limited number of sites. Therefore, several of our age models are based upon shipboard 
biostratigraphy of calcareous nannofossils and diatoms. In rare cases, planktic 
foraminiferal biostratigraphy was employed for sites and regions that currently lack a 
robust and magnetically- or astronomically-tuned diatom or radiolarian biostratigraphy. 
The use of shipboard biostratigraphic data to construct age models is not an ideal 
practice, as these investigations are often preliminary. In addition, species occurrences 
are often not tightly constrained and, in most cases, limited to core catcher samples (the 
last 10 cm of each ~10 m drilled core). Regardless of these limitations, the shipboard 
biostratigraphic data is the best data we have at the moment for most sites to construct 
age models. Our hope is that this study will not only shine a light into the 
paleobiogeographic patterns of fossil plankton in relation to global climate events and 
ocean circulation changes, but also highlight the need for more robust age models at key 




All paleontological datums, magnetic reversal boundaries, K/Ar, and 40Ar/39Ar 
ages used to construct age models for each site can be found in Appendix J.  
 
DSDP Leg 18 Hole 173 
For Leg 18 Hole 173, diatom biostratigraphy was used to construct the majority of 
the age model. We updated the ages of the first and last occurrences of diatom species at 
ODP Leg 145 Hole 887C (Barron and Gladenkov, 1995) using magnetic reversal 
boundaries from this hole (Shipboard Scientific Party, 1993). We then applied this 
biostratigraphic scheme to Site 173 diatom biostratigraphy (Schrader, 1973) to create the 
age model for Hole 173.  
Limited paleomagnetic data is available for Hole 173. Namely, the base of Chron 
C1n, and the top and base of subchron C1r.1n were identified from shipboard polarity 
measurements (Heinrichs, 1973). We decided to not interpret the paleomagnetic record 
below subchron C1r.1n due to mismatches between the published shipboard 
magnetostratigraphic record and that published in Gradstein et al. (2012).  
 
DSDP Leg 24 Site 231, 236, 237 
 The age model for DSDP Site 231 was based on shipboard calcareous nannofossil 
datums (Roth, 1974) and 40Ar/39Ar ages from Feakins et al. (2007).  
 Age models for Sites 236 and 237 were based solely upon shipboard calcareous 
nannofossil datums (Roth, 1974).  
 




 Shipboard calcareous nannofossil biostratigraphy (Thierstein, 1974) was 
employed to create the age model for DSDP Leg 26 Site 253.  
 
DSDP Leg 29 Site 281 
 Site 281’s age model was based on shipboard calcareous nannofossil 
biostratigraphy (Perch-Nielsen, 1975). An additional K/Ar-based age point measured on 
glauconite is used to constrain the early Neogene at this site (Adams, 1975).  
 
DSDP Leg 40 Site 360 and Hole 362 
 No paleomagnetic data was available for either Site 360 or Hole 362, thus the age 
models were constructed using calcareous nannofossil biostratigraphy.  
 At Hole 362, the last occurrences of Discoaster tamalis and Reticulofenestra 
asanoi occur in the same sample (362-9-5, 9-10 cm), indicating a ~1 Ma hiatus or 
condensed interval within the Pliocene. In both Hole 362 and at Site 360, we used the top 
and base instead of top common and base common for the occurrence of Discoaster 
kugleri, base of Sphenolithus heteromorphus instead of base common, top instead of top 
common of Discoaster deflandrei, and base instead of base common of Discoaster 
asymmetricus, as no abundance data was given in the nannofossil occurrence chart of 
Proto Decima et al. (1978).  
 
DSDP Leg 41 Hole 366A and Hole 369A 
 Age models for Site 366A were constructed based upon calcareous nannoplankton 




(137.2 to 44.4 mbsf; Krasheninnikov and Pflaumann, 1978, Pflaumann and 
Krasheninnikov, 1978). Planktic foraminiferal datums provide relatively good age control 
at this site, with the exception of a few missing datums, namely Globorotalia tumida and 
Paragloborotalia mayeri. At this site, there is a recorded occurrence of Globorotalia 
margaritae higher in the stratigraphy. This would place the top (last occurrence) of Gr. 
margaritae above the first occurrence of Sphaeroidinellopsis seminulina. Therefore, we 
use the second top of Gr. margaritae as the species’ true top, as after this, its occurrence 
is more continuous throughout the section.  
 The age model for Hole 369A was based solely on planktic foraminiferal 
biostratigraphy. Calcareous nannoplankton data is limited and low-resolution, and as far 
as we know, there is no robust diatom biostratigraphy for the equatorial Atlantic Ocean. 
The biostratigraphy was complicated by mixed planktic foraminiferal faunas in the upper 
section of the hole (Krasheninnikov and Pflaumann, 1978), likely due to drilling 
disturbances. For this reason, we only used the bases of datums to construct the age 
model and only from 164.5 to 117.5 mbsf. At Hole 369A, there are two occurrences of 
Gc. praescitula. Because no datums were available to constrain age in the upper section 
of the core, we only used the lowermost occurrences in Cores 12 and 13 to interpret the 
dispersal pattern of this species.  
  
DSDP Leg 72 Hole 516 
 Our age model for DSDP Hole 516 is based entirely on calcareous nannofossil 




incomplete recovery of several chrons and subchrons throughout the Neogene (Shipboard 
Scientific Party, 1983), we did not attempt to use these data in our study.   
 
DSDP Leg 82 Sites 563 and 558 
 Although DSDP Sites 563 and 558 contain fantastic magnetostratigraphic records, 
there is limited planktic foraminiferal biostratigraphic data available. Echols (1985) 
conducted a low-resolution shipboard biostratigraphy for both sites but did not include 
sufficient sample data to interpolate species’ first and last occurrences. Similarly, Miller 
et al. (1985) conducted detailed biostratigraphic work at Sites 563 and 558 but did not 
provide their occurrence data. Their data, however, are still valuable to this work and are 
used to interpret the early dispersal patterns of Globoconella.  
 To determine an approximate age for the first occurrence of Gc. praescitula and 
Gc. miozea at DSDP Sites 563 and 558, respectively, we interpolated their positions 
relative to the magnetostratigraphy presented in Miller et al. (1985). These data should be 
seen as preliminary, and not an absolute age for the first occurrences of either species. 
We place the base of Gc. praescitula at the top of subchron C6n (18.74 Ma) at Site 563, 
and the base of Gc. miozea at the top of subchron C5Dn (17.53 Ma) at Hole 558. Miller 
et al. (1985) do not indicate the tops of either species, so we assume the last occurrences 
of both species extend outside of their study interval. Here, we indicate the top of Gc. 
praescitula goes at least until the top of subchron C5n.2n (9.98 Ma) at Site 563, and the 






DSDP Leg 85 Hole 572D  
 The age model for Hole 572D were based on calcareous nannofossil 
biostratigraphy. At this hole, the top and base instead of top common and base common 
were used for Discoaster kugleri, as this species was rare throughout its range here.  
   
DSDP Leg 90 
 Age models for Leg 90 sites were based upon calcareous nannofossil 
biostratigraphy (Lohman, 1986), magenotostratigraphy (Barton and Bloemendal, 1986), 
and in most cases a mix of the two. Where both calcareous nannofossil biostratigraphy 
and magnetostratigraphy were available together, we used both datums to construct an 
age model. The only exception to this was Hole 588 and 588A, where paleomagnetic data 
was relatively complete and extended into the middle Miocene. For these holes, we also 
used the revised paleomagnetic interpretations of Hodell and Kennett (1986). Calcareous 
nannofossil datums were first plotted alongside those of the reversal boundaries, and 
outliers were not used. In most cases, the calcareous nannofossil datums and magnetic 
reversal boundaries were in excellent agreement, indicating a high degree of confidence 
for the global nannofossil biostratigraphic zonation scheme for the southwest Pacific 
Ocean.    
 At some sites, there is little to no age control for extended sequences of the 
stratigraphic record. For example, at Hole 590B, there are approximately 63 meters of 
sediment between the base of subchron C4Ar.1n (315.45 mbsf) and the top of Discoaster 




of recorded globoconellid species, as these age models are, at the time, the best age 
control points we have for these sections.  
 
Tangakaka Stream Section, New Zealand 
 The first occurrence of Globoconella praescitula has, at present, not been finely 
resolved. Morgans et al. (2002) note the occurrence of this species throughout the lower 
Altonian (Early Miocene) sequence at the Tangakaka Stream section in East Cape, New 
Zealand. Paleomagnetic data combined with 40Ar/39Ar dating at the Tangakaka Stream 
section indicate the interval of normal polarity belongs in subchron C5En and the lower 
interval of reversed polarity to subchron C5Er (Morgans et al., 2002). At the nearby Hoia 
section, Gc. praescitula is completely absent. Dating of the Hoia tuff using 40Ar/39Ar 
indicates an age of 20.28 ± 0.22 Ma and it places the interval of normal polarity at the 
Hoia section in subchron C6An.1n (Morgans, pers. comm.). The interval of reversed 
polarity in the lower part of the Hoia section is therefore placed in subchron C6An.1r. 
Therefore, the first occurrence of Gc. praescitula lies somewhere between the top of the 
Hoia section and base of the Tangakaka section, between the top of subchron C5Er and 
the base of subchron C6An.1n (18.524-20.040 Ma, Hilgen et al., 2012).  
 
DSDP Leg 94 Site 608 and Hole 609 
 Magnetostratigraphic data is available for Site 608 and Hole 609, thus the age 
models for both were based upon magnetic reversal boundaries. These boundaries were 




 For Site 608, we used the magnetic reversal boundaries and depths listed in 
Shipboard Scientific Party (1987) and Clement and Robinson (1987) to a depth of 109.65 
mbsf (Pliocene). Below 109.65 to 362.73 mbsf in the Miocene, we used the revised 
reversal boundaries from Miller et al. (1991). Magnetic reversal boundaries for Hole 609 
were taken from Clement and Robinson (1987).  
 
ODP Leg 120 Hole 747A 
 Ocean Drilling Program Leg 120 recovered fantastic magnetostratigraphic data 
from Hole 747. From 56.8 to 93.3 mbsf, we used the magnetic reversal depths presented 
in Majewski and Bohaty (2010) for the middle Miocene section. For the latest and 
earliest Neogene (0-46.6 mbsf and 100-112.9 mbsf), we used the reversal boundaries and 
depths from Berggren, 1992 with interpretations from Heider et al. (1992).  
 
ODP Leg 130 Hole 806B 
 The age model for Hole 806B was built using calcareous nannofossil 
biostratigraphy, as this site, which lies almost on the equator, has very poor to no 
magnetostratigraphic recovery. We used the calcareous nannofossil datums and their 
depths presented in Takayama (1993) to construct the age model for Hole 806B.  
 
ODP Leg 159 Site 959 
 The age models for Hole 959A and 959B were constructed using exclusively 




the base instead of base common for Discoaster kugleri, as no abundance data was 
provided.  
 
ODP Leg 181 Site 1123 
 The age model for ODP Site 1123 was based entirely on magnetostratigraphy. We 
used the depths and ages for Holes 1123B and 1123C presented in Shipboard Scientific 
Party (2000), with updated magnetostratigraphic interpretations presented in Crundwell 
and Nelson (2007). 
 
ODP Leg 189 Hole 1171C 
At ODP Leg 189 Site 1171, Hole 1171C was the only hole used in this study 
because it had a series of identified reversal boundaries. However, between 35 and 80 
mbsf, there is no age control due to unidentified reversal boundaries (Shipboard 
Scientific Party, 2001). This section includes a hiatus from the early Pliocene to late 
Miocene (Shipboard Scientific Party, 2001).  Therefore, the estimated ages of 
Globoconella species that have a first or last occurrence in this interval should be 
interpreted with caution.  
 
ODP Leg 198 Holes 1207A, 1208A, and 1209A 
 Virtually complete late Neogene sections were recovered from ODP Leg 198 
Holes 1207A, 1208A, and 1209A with robust paleomagnetic reversal boundaries. We 
used the reversal depths from Evans et al. (2005) to update the age models at Holes 




All reversals were updated to the Geologic Time Scale (GTS 2012) ages of Hilgen et al. 
(2012). For Hole 1209A age model, see Appendix A. For holes 1207A and 1208A age 








































Below are age models created for the Deep Sea Drilling Project (DSDP) and 
Ocean Drilling Project (ODP) sites and holes used in Chapter 4. Where age models were 
created from existing microfossil occurrences, the midpoint between the sample where 
the datum species occurred and the sample stratigraphically above that did not contain the 
datum species was used as the last occurrence, or top (T) of that species. Likewise, the 
midpoint between the sample that did not contain the datum species and the sample 
stratigraphically above that did contain the datum species was used as the first 
occurrences, or base (B) of that species. The location of the first and last occurrence of 
the datum species is given in standard International Ocean Discovery Program notation, 
except the interval is the midpoint in centimeters of the sample. See Appendix I for a 















Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T S. curvirostrix 2-3, 38.5 8.885 2-2, 104.5 8.045 8.47 0.339
B C1n 3-1, 129 16.59 - - - 0.781
T C1r.1n 4-1, 116 25.66 - - - 0.988
B C1r.1n 4-1, 148 27.48 - - - 1.072
B S. curvirostris 8-4, 55.5 67.555 8-5, 55.5 69.055 68.31 1.953
Tc N. kamtschatica 14-3, 55.5 123.055 14-2, 95.5 121.955 122.51 2.632
B T. oestrupii 14-CC 129 15-2, 55.5 131.055 130.03 5.486
B N. kamtschatica 16-1, 69.5 139.195 16-2, 55.5 140.555 139.88 7.896
T D. dimorpha 19-4, 55.5 172.055 19-2, 55.5 169.055 170.56 8.791
B S. barboi 21-1, 99.5 186.995 21-3, 55.5 189.555 188.28 12.424
Bc D. hustedtii 26-2, 52.5 235.525 26-3, 55.5 237.055 236.29 12.986
B D. hyalina 29-2, 58 264.08 29-CC 271.5 267.79 13.960
B A. ingens nodus 31-1, 133 282.33 32-CC 282.6 282.47 15.518
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B E. huxleyi 1-1, 145 1.45 0 0 0.725 0.29




Ar - 35.25 - - - 0.75
T C. macintyrei 7-3, 130 48.55 6-1, 50 36 42.275 1.6
T D. brouweri 10-3, 29 76.34 9-1, 40 64.4 70.37 1.93








Ar - 188.35 - - - 3.92
T C. acutus 28-6, 110 253.1 27-6, 110 242.5 247.8 5.04
DSDP Leg 24 Site 231





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T P. lacunosa 2-1, 99 7.49 1-1, 122 1.22 4.355 0.44
T C. macintyrei 3-3, 99 19.74 3-1, 48 16.48 18.11 1.6
T D. pentaradiatus 4-1, 55 26.05 3-3, 99 19.74 22.895 2.39
T R. pseudoumbilicus 4-1, 55 26.06 3-3, 99 19.75 22.905 3.7
B C. rugosus 5-1, 137 36.37 6-1, 84 45.34 40.855 5.12
T T. rugosus 6-1, 84 45.34 5-1, 137 36.38 40.86 5.28
T D. quinqueramus 7-1, 49 54.49 6-1, 84 45.34 49.915 5.59
T D. hamatus 15-6, 94 137.44 14-3, 109 124.59 131.015 9.53
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B E. huxleyi 1-1, 108 1.08 - - - 0.29
T D. brouweri 4-1, 49 25.99 2-1, 58 7.08 16.535 1.93
T D. pentaradiatus 4-1, 49 25.999 2-1, 58 7.09 16.5445 2.39
T D. surculus 4-1, 49 25.999 2-1, 58 7.099 16.549 2.49
T Sphenolithus  spp. 6-1, 49 44.99 5-1, 49 35.49 40.24 3.54
B C. rugosus 9-1, 49 73.49 10-1, 97 83.47 78.48 5.12
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T P. lacunosa 1-2, 105 2.55 0 0 1.275 0.44
T D. brouweri 1-5, 14 6.14 1-2, 105 2.55 4.345 1.93
T D. surculus 1-CC 8.25 1-5, 14 6.14 7.195 2.49
T R. pseudoumbilicus 2-3, 65 12.65 2-2, 110 11.6 12.125 3.7
T T. rugosus 3-2, 110 20 2-CC 17.5 18.75 5.28
T D. quinqueramus 4-2, 109 30.84 3-CC 27 28.92 5.59
B D. berggrenii 4-5, 110 35.35 4-CC 36.625 35.9875 8.29
T D. hamatus 5-2, 110 40.1 4-CC 36.625 38.3625 9.53
B D. hamatus 6-5, 90 53.9 6-CC 55.5 54.7 10.55
DSDP Leg 26 Site 253
DSDP Leg 24 Site 237





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T S. heteromorphus 7-CC 65.165 7-5, 114 63.97 64.5675 13.53
Bc S. heteromorphus 8-CC 74.5 9-1, 113 76.63 75.565 17.71
B D. druggii 9-6, 83 83.83 9-CC 84 83.915 22.82
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T P. lacunosa 2-3, 30 10.8 2-2, 130 10.3 10.55 0.44
T H. sellii 2-3, 110 11.6 2-3, 30 10.8 11.2 1.26
T D. brouweri 3-1, 110 18.1 2-CC 16 17.05 1.93
T D. surculus 3-6, 110 25.6 3-6, 30 24.8 25.2 2.49
T T. rugosus 7-CC 68.5 7-4, 110 61.11 64.805 5.28
T S. heteromorphus 11-5, 110 100.1 11-4, 111 98.61 99.355 13.53
Tc D. deflandrei 12-4, 110 108.1 12-4, 30 107.3 107.7 15.8
K/Ar - 118 - - - 20.2
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T C. acutus 1-5, 9.5 85.595 1-2, 9.5 81.095 83.345 5.04
T D. quinqueramus 3-3, 9.5 101.595 3-1, 35.5 98.855 100.225 5.59
B D. berggrenii 5-2, 9.5 120.595 4-CC 117.5 119.0475 8.29
T D. hamatus 14-4, 9.5 207.495 14-2, 9.5 204.595 206.045 9.53
T C. coalithus 16-2, 9.5 223.595 15-CC 222 222.7975 9.69
B C. calyculus 17-CC 241 18-2, 9.5 242.595 241.7975 10.79
T D. kugerli 19-4, 9.5 264.595 18-CC 260 262.2975 11.58
B D. kugleri 20-4, 9.5 283.595 20-CC 298 290.7975 11.9
T C. nitescens 20-CC 298 20-4, 9.5 283.595 290.7975 12.12
T S. heteromorphus 21-6, 9.5 305.595 21-3, 9.5 301.095 303.345 13.53
T D. deflandrei 21-CC 317 21-6, 9.5 305.595 311.2975 15.8
B S. heteromorphus 22-CC 336 23-2, 9.5 337.595 336.7975 17.71
DSDP Leg 40 Site 360
DSDP Leg 29 Hole 281A 





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B S. belemnos 23-CC 355 24-2, 9.5 356.595 355.7975 19.03
B D. druggii 24-CC 374 25-1, 16 374.16 374.08 22.82
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T H. sellii 1-CC 45.5 1-3, 9.5 40.595 43.048 1.26
T D. brouweri 2-CC 55 2-1, 84.5 46.345 50.673 1.93
T D. pentaradiatus 7-5, 9.5 100.595 7-2, 9.5 96.095 98.345 2.39
T D. tamalis 9-5, 9.5 118.395 9-2, 9.5 113.895 116.145 2.8
T R. pseudoumbilicus 9-5, 9.5 118.395 9-2, 9.5 113.895 116.145 3.7
B D. asymmetricus 12-3, 9.5 145.095 12-CC 150 147.548 4.13
T C. acutus 13-4, 9.5 154.895 13-1, 9.5 150.395 152.645 5.04
B C. rugosus 13-4, 9.5 154.895 13-6, 9.5 157.895 156.395 5.12
B C. acutus 14-6, 9.5 167.545 14-CC 178.5 173.023 5.35
T D. quinqueramus 19-3, 9.5 257.995 19-2, 9.5 256.495 257.245 5.59
B D. berggrenii 26-CC 406.5 27-1, 62.5 407.125 406.813 8.29
T C. calyculus 31-1, 77.5 483.275 30-CC 482.5 482.888 9.67
B D. hamatus 31-3, 9.5 485.595 31-5, 9.5 488.595 487.095 10.55
B C. calyculus 31-5, 9.5 488.595 31-CC 501.5 495.048 10.79
T D. kugleri 32-4, 9.5 506.445 32-3, 9.5 504.945 505.695 11.58
B D. kugerli 33-5, 9.5 528.095 33-6, 9.5 529.595 528.845 11.9
T S. heteromorphus 35-2, 9.5 580.595 34-CC 577.5 579.048 13.53
T H. ampliaperta 36-3, 9.5 599.595 36-2, 9.5 598.095 598.845 14.91
B S. heteromorphus 37-CC 624.95 38-1, 9.5 644.395 634.673 17.71
B D. druggii 40-CC 729.5 41-1, 9.5 729.895 729.698 22.82
DSDP Leg 40 Hole 362





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B E. huxleyi 1-4, 44 4.94 1-CC 6 5.47 0.29
T P. lacunosa 2-1, 69 7.19 1-CC 6 6.595 0.44
T H. sellii 3-6, 34 23.34 3-4, 69 20.69 22.015 1.26
T D. brouweri 4-2, 61 27.21 4-1, 63 27.23 27.22 1.93
T D. pentaradiatus 4-CC 34.5 4-5, 33 31.43 32.965 2.39
T D. surculus 5-2, 74 36.94 4-CC 34.5 35.72 2.49
T D. altispira 6-1, 82 44.82 5-CC 44 44.41 3.13
T S. seminulina 6-3, 84 47.84 6-3, 81 47.81 47.825 3.16
T G. margaritae 6-5, 62 50.62 6-4, 73 49.23 49.925 3.85
T G. nepenthes 8-3, 112.5 67.125 8-2, 54 65.04 66.0825 4.37
B G. plesiotumida 9-6, 65 80.65 9-6, 62 80.62 80.635 8.58
B G. nepenthes 14-CC 129.5 14-6, 79 128.69 129.095 11.63
T F. fohsi 15-3, 62 133.52 15-2, 65 132.05 132.785 11.79
B F. fohsi robusta 15-5, 65 136.55 15-5, 62 136.52 136.535 13.13
B F. peripheroacuta 15-6, 62 138.02 15-5, 65 136.55 137.285 14.24
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B G. archeomenardii 8-CC 118 8-6, 65 117.15 117.575 16.26
B P. glomerosa 10-CC 137 10-6, 65 135.65 136.325 16.27
B G. insueta 11-CC 146.5 11-6, 66 145.36 145.93 17.59
B G. altiaperturus 13-6, 66 164.56 13-6, 63 164.53 164.545 20.03
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T H. sellii 3-3, 100 10.9 3-2, 100 9.4 10.15 1.26
T R. pseudoumbilicata 5-3, 100 19.7 N/A 19.7 19.7 3.7
T Amaurolithus spp. 6-1, 100 20.1 5-3, 100 19.7 19.9 3.92
B C. rugosus 9-2, 100 31.4 N/A 31.4 31.4 5.12
DSDP Leg 41Hole 366A
DSDP Leg 72 Site 516 





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C. acutus 11-2, 90 44.5 11-1, 90 43 43.75 5.35
B D. bergrennii 13-2, 110 53.5 14-1, 70 56 54.75 8.29
T C. calyculus 14-2, 70 57.5 14-1, 70 56 56.75 9.67
B C. calyculus 14-3, 70 59 14-3, 110 59.4 59.2 10.79
T S. heteromorphus 15-1, 110 60.8 14-3, 110 59.4 60.1 13.53
Bc S. heteromorphus 16-1, 50 64.6 16-1, 110 65.2 64.9 17.71
T T. carinatus 22-1, 110 91.6 21-3, 70 89.8 90.7 18.28
B S. belemnos 29-3,110 125.5 30-1, 60 126.3 125.9 19.03
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B D. berggrenii 2-3, 50 163.5 3-3, 50 173.5 168.5 8.29
T C. miopelagicus 18-3, 55 316.05 17-2, 55 305.05 310.55 10.97
T D. kugleri 19-3, 47 325.47 18-3, 55 316.05 320.76 11.58
B D. kugleri 26-3, 55 392.05 27-3, 55 401.55 396.8 11.9
T S. heteromorphus 30-CC 433.83 29-3, 55 420.55 427.19 13.53
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B E. huxleyi 3-3, 20.5 15.9 3-4, 20.5 17.4 16.65 0.29
T E. annula 3-6, 26.5 20.47 3-5, 50.5 19.2 19.835 0.44
B C1n - 21.26 - 23.32 22.29 0.78
T C. macintyrei 4-5, 4.5 28.35 4-4, 4.5 26.85 27.6 1.60
T D. brouweri 4-6, 4.5 29.85 4-5, 4.5 28.35 29.1 1.93
T D. pentaradiatus 4-CC 31.9 4-6, 4.5 29.85 30.875 2.39
T C2An.1n - 31.58 - 33.2 32.39 2.58
T D. tamalis 5-1, 106.5 32.97 4-CC 31.9 32.435 2.80
B C2An.3n - 40.4 - 41.15 40.775 3.60
T C3An.1n - 55.85 - 56.6 56.225 6.03
DSDP Leg 90 Hole 587
DSDP Leg 85 Hole 572D





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C3An.2n - 59.6 - 61.3 60.45 6.73
T C3Bn - 65.45 - 67.08 66.265 7.14
B Amaurolithus  spp. 10-1, 12.5 80.03 10-3, 12.5 83.03 81.53 7.42
B D. berggrenii 10-5, 12.5 86.03 11-1, 20.5 89.71 87.87 8.29
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1n - 10.35 - 11.1 10.725 0.781
T C2n - 16.95 - 17.7 17.325 1.778
B C2n - 20.7 - 21.45 21.075 1.945
T C2An.1n - 29.55 - 30.55 30.05 2.581
B C2An.1n - 39.15 - 40.15 39.65 3.032
T C2An.3n - 42.17 - 43.15 42.66 3.33
B C2An.3n - 45.75 - 46.75 46.25 3.596
T C3n.1n - 79.05 - 80.05 79.55 4.187
B C3n.1n - 82.65 - 83.65 83.15 4.3
T C3n.3n - 88.15 - 88.65 88.4 4.799
B C3n.3n - 90.15 - 93.25 91.7 4.896
T C3n.4n - 93.25 - 93.75 93.5 4.997
B C3n.4n - 96.25 - 97.75 97 5.235
T C3An.1n - 121.05 - 122.05 121.55 6.033
B C3An.1n - 128.55 - 129.55 129.05 6.252
T C3An.2n - 133.65 - 134.65 134.15 6.436
B C3An.2n - 142.75 - 143.25 143 6.733
T C3Bn - 155.35 - 155.85 155.6 7.14
B C3Bn - 158.35 - 158.85 158.6 7.212
T C3Br.1n - 176.05 - 176.05 176.05 7.251
B C3Br.1n - 177.55 - 178.05 177.8 7.285
DSDP Leg 90 Hole 587 (continued)





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T C4n.2n - 197.25 - 199.35 198.3 7.695
B C4n.2n - 204.85 - 205.35 205.1 8.108
T C4r.1n - 206.85 - 207.45 207.15 8.254
B C4r.1n - 208.95 - 209.95 209.45 8.3
T C4An - 214.95 - 215.95 215.45 8.771
B C4An - 217.05 - 218.05 217.55 9.105
T C4Ar.1n - 218.55 - 219.55 219.05 9.311
B C4Ar.1n - 240.25 - 240.75 240.5 9.426
T C5n.2n - 250.85 - 251.85 251.35 9.984
B C5n.2n - 253.35 - 253.85 253.6 11.056
T C5r.1n - 255.35 - 256.85 256.1 11.146
B C5r.1n - 258.85 - 259.85 259.35 11.188
T C5An.1n - 268.35 - 268.85 268.6 12.049
B C5An.1n - 270.35 - 270.85 270.6 12.174
Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B S. belemnos 5-CC 353.7 6-1, 0.5 353.71 353.705 19.03
T S. delphix 9-CC 382.1 8-CC 382.5 382.3 23.11
Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B E. huxleyi 1-3, 5.5 3.05 1-4, 5.5 4.55 3.8 0.29
T E. annula 2-3, 5.5 10.06 5-CC 7 8.53 0.44
B C1n - 10.75 - 11.25 11 0.781
T C1r.1n - 16.25 - 16.9 16.575 0.988
B C1r.1n - 20.35 - 20.8 20.575 1.072
T C2n - 32.95 - 33.45 33.2 1.778
T D. brouweri 2-1, 5.5 35.86 1-CC (A) 35.8 35.83 1.93
DSDP Leg 90 Hole 590*, A
DSDP Leg 90 Hole 588C





Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T D. pentaradiatus 2-1, 5.5 35.87 1-CC (A) 35.8 35.835 2.39
T D. circulus 2-1, 5.5 35.87 1-CC (A) 35.85 35.86 2.49
T C2An.1n - 47.65 - 48.15 47.9 2.581
T D. tamalis 3-4, 5.5 49.96 3-3, 5.5 48.46 49.21 2.8
B C2An.1n - 62.25 - 62.75 62.5 3.032
T R. pseudoumbilicus 7-4, 5.5 88.31 7-3, 0.5 86.81 87.56 3.7
T C2An.3n - 69.85 - 70.3 70.075 3.33
B C2An.3n - 80.95 - 81.45 81.2 3.596
T Amaurolithus  spp. 11-7, 0.5 131.21 10-CC 122.2 126.705 3.92
B C. rugosus 16-2, 5.5 171.76 16-3, 5.5 173.26 172.51 5.12
Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1n - 10.8 - 12.1 11.45 0.781
T C1r.1n - 15.1 - 15.9 15.5 0.988
B C1r.1n - 17.4 - 18.1 17.75 1.072
T C2n - 30 - 31.3 30.65 1.778
B C2n - 35.1 - 35.8 35.45 1.945
T C2An.1n - 45.4 - 46.2 45.8 2.581
B C2An.1n - 57.3 - 58 57.65 3.032
T C2An.3n - 60.3 - 60.9 60.6 3.33
B C2An.3n - 75 - 75.7 75.35 3.596
T C4Ar.1n - 295.95 - 299.55 297.75 8.254
T C4Ar.1n - 310.65 - 320.25 315.45 8.3
Tc D. kugleri 42-CC 393.5 42-1-5-6 383.96 388.73 11.58
Tc C. floridanus 43-CC 403.1 42-CC 393.5 398.3 11.85
Bc D. kugleri 45-1, 5-6 412.76 45-3, 5-6 415.76 414.26 11.9
T C. nitescens 50-CC 470.3 50-3, 5-6 463.76 467.03 12.12
DSDP Leg 90 Hole 590B





Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
Tc D. deflandrei 48-CC 460.7 47-5, 5-6 437.96 449.33 15.8
Bc S. heteromorphus 50-CC 470.3 51-1, 5-6 470.36 470.330 17.71
T T. carinatus 52-CC 489.5 52-5, 5-6 485.96 487.730 18.28
B D. druggii 53-1, 5-6 489.56 53-5, 5-6 495.56 492.560 22.82
Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B E. huxleyi 1-3, 4-5 3.05 1-CC 3.4 3.225 0.29
B C1n - 16.75 - 17.25 17 0.781
T C1r.1n - 23.35 - 23.85 23.6 0.988
B C1r.1n - 25.85 - 26.35 26.1 1.072
T C. macintyrei 5-5, 3-4 38.24 5-3, 3-4 35.24 36.74 1.6
T C2n - 45.05 - 45.55 45.3 1.778
T C2An.1n - 66.3 - 67.3 66.8 2.581
T D. pentaradiatus 8-3, 3-4 64.04 8-1, 3-4 61.04 62.54 2.39
T D. surculus 8-5, 3-4 67.04 8-3, 3-4 64.04 65.54 2.49
T D. tamalis 9-CC 80.2 8-5, 3-4 67.04 73.62 2.8
B C1An.1n - 81.92 - 82.45 82.185 3.035
B C2An.2n - 84.45 - 85.95 85.2 3.207
T C2An.3n - 88.95 - 89.45 89.2 3.33
B C2An.3n - 102.15 - 102.65 102.4 3.596
T R. pseudoumbilicus 12-5, 3-4 105.44 12-3, 3-4 102.44 103.94 3.7
Bc D. asymmetricus 13-CC 118.3 14-CC 127.6 122.95 4.13
T C3n.1n - 153.95 - 155.45 154.7 4.187
B C3n.1n - 159.25 - 159.75 159.5 4.3
T T. rugosus 20, CC 183.8 19-CC 174.3 179.05 5.28
T D. quinqueramus 24-3, 3-4 215.14 24-1, 3-4 212.14 213.64 5.59
B D. berggrenii 4-CC B 308.8 3-CC 299.4 304.1 8.29
DSDP Leg 90 Hole 591





Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1n - 10.75 - 11.25 11 0.781
T C1r.1n - 12.25 - 13.35 12.8 0.988
B C1r.1n - 13.25 - 14.82 14.035 1.072
T C2n - 18.35 - 18.85 18.6 1.778
B C2n - 21.35 - 21.85 21.6 1.945
T C2An.1n - 28.45 - 29.45 28.95 2.581
B C2An.3n - 47.65 - 48.15 47.9 3.596
Bc D. asymmetricus 13-CC 119.7 14-1,3-4 119.74 119.72 4.13
T D. quinqueramus 15-1, 3-4 129.34 14-CC 129.3 129.32 5.59
B D. berggrenii 16-CC 148.5 17-CC 158.1 153.3 8.29
T D. hamatus 21-1, 3-4 186.94 20-CC 186.9 186.92 9.53
B D. hamatus 22-CC 206.1 23-1, 3-4 206.14 206.12 10.55
T C. miopelagicus 24-3, 3-4 218.74 23-3, 3-4 209.14 213.94 10.97
Tc D. kugleri 24-5, 3-4 221.74 24-3, 3-4 218.74 220.24 11.58
Bc D. kugleri 24-CC 225.3 25-1, 3-4 225.34 225.32 11.9
T S. heteromorphus 28-3, 3-4 257.14 - - 257.14 13.53
Tc T. carinatus 32-5, 3-4 298.54 - - 298.54 18.28
Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1n - 16.45 - 16.45 16.45 0.781
T C1r.1n - 20.45 - 20.95 20.7 0.988
B C1r.1n - 22.45 - 24.55 23.5 1.072
T C2n - 32.51 - 34.15 33.33 1.778
B C2n - 34.65 - 35.65 35.15 1.945
T C2An.1n - 45.75 - 46.25 46 2.581
B C2An.3n - 59.35 - 59.85 59.6 3.596
T R. pseudoumbilicus 9-1, 3-4 70.54 8-CC 65.8 68.17 3.7
DSDP Leg 90 Hole 593





Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
Bc D. asymmetricus 13-CC 120.3 14-1, 3-4 120.34 120.32 4.13
T D. quinqueramus 18-CC 168.3 19-CC 177.9 173.1 5.59
B D. berggrenii 23-CC 216.3 24-CC 225.9 221.1 8.29
T D. hamatus 26-CC 245.1 26-5, 3-4 241.54 243.32 9.53
B D. hamatus 27-CC 254.7 28-1, 3-4 254.74 254.72 10.55
T C. miopelagicus 35-CC 331.5 34-cc 321.9 326.7 10.97
Tc D. kugleri 36-CC 341.1 35-cc 331.5 336.3 11.58
Bc D. kugleri 37-1, 3-4 341.14 37-3, 3-4 344.14 342.64 11.9
T S. heteromorphus 42-4, 99-100 394.6 42-4, 28-29 393.89 394.245 13.53
Bc S. heteromorphus 44-5, 3-4 414.34 44-CC 417.9 416.12 17.71
Bc S. belemnos 46-5, 3-4 433.54 46-CC 437.1 435.32 17.95
T T. carinatus 46, CC 437.1 46-5, 3-4 433.54 435.32 18.28
B D. druggii 46-CC 437.1 46-5, 3-4 433.54 435.32 22.82
Datum Core Section Interval (cm) Depth (m) Core Section Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1r.1n - 99.55 - 106.15 102.85 1.07
T C2An.1n - 139.45 - 140.55 140.00 2.58
T C2An.3n - 153.00 - - 153.00 3.33
B C2An.3n - 159.75 - 160.25 160.00 3.60
T C3n.1n - 172.85 - 173.35 173.10 4.19
B C3n.4n - 201.00 - - 201.00 5.00
T C3An.1n - 210.00 - - 210.00 6.03
T C3An.2n - 218.35 - 218.85 218.60 6.44
B C3An.2n - 222.85 - 223.35 223.10 6.73
DSDP Leg 90 Hole 594





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1n 2-6, 98 15.49 3-1, 98 17.59 16.54 0.781
T C1r.1n 3-1, 98 17.59 3-2, 98 19.09 18.34 0.988
B C1r.1n 3-3, 98 20.59 3-4, 88 21.99 21.29 1.072
T C2n 6-4, 98 50.89 6-5, 98 52.39 51.64 1.778
B C2n 6-6, 98 53.89 7-1, 98 55.99 54.94 1.945
T C2An.1n 10-1, 98 84.79 10-2, 98 86.29 85.54 2.581
B C2An.1n 10-6, 98 92.29 11-6, 98 94.39 93.34 3.032
T C2An.2n 11-5, 99 100.39 11-6, 98 101.89 101.14 3.116
B C2An.2n 12-1, 65 103.66 12-1, 98 103.99 103.825 3.207
T C2An.3n 12-3, 98 106.99 12-4, 98 108.49 107.74 3.33
B C2An.3n 12-5, 30 109.31 12-5, 98 109.99 109.65 3.596
B C4n.2n - - - - 179.32 8.108
T C4An - - - - 188.87 8.771
T C5.2n - - - - 211.87 9.984
T C5An.2n - - - - 263.7 12.272
T C5AAn - - - - 285.62 13.032
T C5ABn - - - - 293.62 13.363
B C5Bn.2n - - - - 322.43 15.032
T C5Dn - - - - 344.68 17.235
T C5En - - - - 353.94 18.056
T C6n - - - - 362.73 18.748
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1n 5-5, 98 42.79 5-6, 98 44.29 43.54 0.781
T C1r.1n 7-1, 98 55.99 7-2, 98 57.49 56.74 0.988
B C1r.1n 7-6, 98 63.49 8-1, 98 65.59 64.54 1.072
T C2n 13-4, 98 118.09 13-5, 98 119.59 118.84 1.778
DSDP Leg 94 Site 608





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C2n 15-1, 80 131.41 15-2, 98 133.09 132.25 1.945
T C2An.1n 19-2, 68 171.19 19-2, 135 171.86 171.525 2.581
T C2An.2n 24-1, 98 217.99 24-2, 138 219.89 218.94 3.116
B C2An.3n 26-2, 100 238.71 26-3, 100 240.21 239.46 3.596
T C3n.1n 28-1, 98 256.39 28-2, 98 257.89 257.14 4.187
B C3n.1n 28-4, 116 261.07 28-5, 116 262.57 261.82 4.3
T C3n.2n 28-6, 110 264.6 29-1, 98 265.99 265.295 4.493
B C3n.2n 29-5, 96 271.97 29-6, 96 273.47 272.72 4.631
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T C2An.3n - - - - 21.5 3.33
B C2An.3n - - - - 26 3.596
T C4Ar.1n - - - - 45.5 9.311
B C4Ar.1n - - - - 46.6 9.426
T C5r.1n - - - - 56.83 11.146
B C5r.1n - - - - 57.13 11.188
T C5An.1n - - - - 61.48 12.049
B C5An.1n - - - - 62.23 12.174
T C5An.2n - - - - 62.53 12.272
B C5An.2n - - - - 65.38 12.474
T C5ABn - - - - 67.02 13.363
B C5ABn - - - - 68.88 13.608
T C5ACn - - - - 70.08 13.739
B C5ACn - - - - 72.03 14.07
T C5ADn - - - - 72.72 14.163
B C5ADn - - - - 76.46 14.609
B C5Bn.2n - - - - 81.35 15.032
ODP Leg 120 Hole 747A





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T C5Cn.1n - - - - 85.36 15.974
B C5Cn.3n - - - - 91.08 16.721
T C5Dn - - - - 93.36 17.235
T C5E - - - - 100 18.056
B C5E - - - - 106.4 18.524
T C6 - - - - 107.4 18.748
B C6 - - - - 112.9 19.722
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B E. huxleyi 1-3, 33.5 3.32 1-3, 103.5 4.03 3.675 0.29
T P. lacunosa 2-2, 26.5 8.2 2-3, 26.5 9.65 8.925 0.44
T R. asanoi 3-2, 26.5 17.67 3-2, 106.5 18.43 18.05 0.91
B R. asanoi 3-6, 106.5 24.14 3-7, 26.5 24.8 24.47 1.14
T Large Gephyrocapsa 3-CC 25.5 4-1, 107.5 26.05 25.775 1.24
T H. sellii 4-4, 26.5 30.06 4-4, 107.5 30.84 30.45 1.26
B Large Gephyrocapsa 4-5, 26.5 31.5 4-5, 106.5 32.26 31.88 1.62
T D. brouweri 5-6, 26.5 42.39 5-7, 26.5 43.81 43.1 1.93
T D. pentaradiatus 6-CC 54 7-1, 106.5 54.51 54.255 2.39
T D. surculus 8-1, 106.5 64.53 8-2, 106.5 65.99 65.26 2.49
T Sphelolithus  spp. 10-3, 26.5 85.66 10-4, 26.5 87.11 86.385 3.54
T R. pseudoumbilica 11-2, 26.5 93.66 11-3, 26.5 95.08 94.37 3.7
B C. rugosus 15-6, 26.5 137.43 15-7, 26.5 138.87 138.15 5.12
B C. acutus 17-2, 26.5 150.69 17-3, 26.5 152.13 151.41 5.35
T D. quinqueramus 18-3, 26.5 161.6 18-4, 26.5 163.02 162.31 5.59
T D. hamatus 36-7, 26.5 338.96 36-CC 339.34 339.15 9.53
B C. calyculus 39-3, 26.5 362.06 39-4, 26.5 363.56 362.81 10.79
T C. nitescens 45-6, 26.5 424.66 45-CC 426.27 425.465 12.12
ODP Leg 130 Hole 806B





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
Tc C. floridanus 49-CC 463.6 50-1, 26.5 463.86 463.73 11.85
T S. heteromorphus 50-CC 472.03 51-1, 26.5 473.56 472.795 13.53
Bc S. heteromorphus 61-7, 26.5 578.86 61-CC 579.3 579.08 17.71
T S. belemnos 61-CC 579.3 62-1, 26.5 579.56 579.43 17.95
Tc T. carinatus 62-7, 26.5 588.56 62-CC 589 588.78 18.28
B S. belemnos 64-2, 30.5 600.4 64-CC 601.63 601.015 19.03
B D. druggii 66-CC 627.5 67-1, 26.5 627.76 627.63 22.82
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B D. hamatus 15-5, 100.5 139.605 15-6, 100.5 141.105 140.355 10.55
Bc D. kugleri 18-3, 100.5 165.105 18-5, 100.5 168.105 166.605 11.9
T S. heteromorphus 19-1, 100.5 171.605 19-5, 100.5 177.605 174.605 13.53
T H. ampliaperta 20-7, 35.5 189.455 21-1, 100.5 190.105 189.78 14.91
B S. heteromorphus 25-6, 100.5 234.305 25-CC 235.3 234.8025 17.71
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T D. brouweri 3-7, 56 24.06 3-6, 56 22.56 23.31 1.93
T D. pentaradiatus 4-3, 60 27.6 4-2, 60 26.1 26.85 2.39
T D. surculus 4-7, 61 33.61 4-6, 60 32.1 32.855 2.49
T D. tamalis 4-CC 33.64 5-2, 60 35.6 34.62 2.8
T Sphenolithus  spp. 5-6, 60 41.6 5-5, 60 40.1 40.85 3.54
T Amaurolithus  spp. 8-5, 60 68.6 8-4, 60 67.1 67.85 3.92
B C. rugosus 8-7, 60 71.6 8-6, 60 70.1 70.85 5.12
T T. rugosus 10-1, 60 81.6 9-7, 60 81.1 81.35 5.28
T D. quinqueramus 10-3, 60 84.6 10-2, 60 83.1 83.85 5.59
B Amaurolithus  spp. 14-4, 60 124.1 14-3, 60 122.6 123.35 7.42
B D. berggrenii 15-4, 60 133.6 15-5, 60 135.1 134.35 8.29
ODP Leg 159 Hole 959B
ODP Leg 159 Hole 959A





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T D. hamatus 16-3, 60 141.6 16-4, 60 143.1 142.35 9.53
B D. hamatus 17-4, 60 152.6 17-5, 60 154.1 153.35 10.55
Bc D. kugleri 19-2, 60 168.6 19-3, 60 170.1 169.35 11.9
T S. heteromorphus 19-5, 60 173.1 20-2, 60 177.6 175.35 13.53
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
C1n B - - - - 32.5 0.781
C1r.1n T - - - - 37.25 0.988
C1r.1n B - - - - 41.2 1.072
C2n T - - - - 69.65 1.778
C2n B - - - - 73.25 1.945
C2An.1n T - - - - 100.3 2.581
C2An.1n B - - - - 107.4 3.032
C2An.2n T - - - - 111.85 3.116
C2An.2n B - - - - 115.3 3.207
C2An.3n T - - - - 120.45 3.33
C2An.3n B - - - - 129.6 3.596
C3n.1n T - - - - 150.52 4.187
C3n.1n B - - - - 153.8 4.3
C3n.2n T - - - - 164.15 4.493
C3n.2n B - - - - 166.75 4.631
C3n.3n T - - - - 171.9 4.799
C3n.3n B - - - - 173.2 4.896
C3n.4n T - - - - 177.6 4.997
C3n.4n B - - - - 184.9 5.235
C3An.1n T - - - - 213 6.033
C3An.1n B - - - - 228.6 6.252
ODP Leg 181 Site 1123 





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
C3An.2n T - - - - 233.05 6.436
C3An.2n B - - - - 250.45 6.773
C3Bn T - - - - 264.85 7.14
C3Bn B - - - - 268.9 7.212
C3Br.1n T - - - - 270.85 7.251
C3Br.1n B - - - - 272 7.285
C3Br.2n T - - - - 273.4 7.454
C4n.1n B - - - - 282 7.642
C4n.2n T - - - - 284.55 7.695
C4n.2n B - - - - 300.2 8.108
C4An T - - - - 318.7 8.771
C4An B - - - - 328.1 9.105
C4Ar.1n T - - - - 333.7 9.311
C4Ar.1n B - - - - 337.85 9.426
C4Ar.2n T - - - - 340.8 9.647
C4Ar.2n B - - - - 346.2 9.721
C5n.1n T - - - - 348 9.786
C5n.1n B - - - - 349.95 9.937
C5n.2n T - - - - 350.45 9.984
C5n.2n B - - - - 380.6 11.056
C5r.1n T - - - - 383.95 11.146
C5r.1n B - - - - 384.6 11.1888
C5An. 1n T - - - - 404.4 12.049
C5An.1n B - - - - 411.1 12.174
C5An.2n T - - - - 414.75 12.272
C5An.2n B - - - - 421.5 12.474
C5Ar.2n T - - - - 437.5 12.829





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
C5Ar.2n B - - - - 438.8 12.887
C5AAn T - - - - 444.05 13.032
C5AAn B - - - - 449.9 13.183
C5AnBn T - - - - 457.2 13.363
C5AnBn B - - - - 462.95 13.608
C5ACn T - - - - 465.4 13.739
C5ACn B - - - - 469.3 14.07
C5Bn.1n T - - - - 477.65 14.775
C5Bn.1n B - - - - 478.2 14.87
C5Bn.2n T - - - - 481.1 15.032
C5Bn.2n B - - - - 482.15 15.16
C5Cn.1n T - - - - 499.15 15.974
C5Cn.1n B - - - - 506.1 16.268
C5Cn.2n T - - - - 507.5 16.303
C5Cn.2n B - - - - 508.2 16.472
C5Cn.3n T - - - - 511.4 16.543
C5Cn.3n B - - - - 514 16.721
C5Dn T - - - - 516.85 17.235
C5Dn B - - - - 522.1 17.533
C5En T - - - - 534.1 18.056
C5En B - - - - 542.7 18.524
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C1n - - - - 12.6 0.78
T C1r.1n - - - - 14.9 0.988
B C1r.1n - - - - 16.5 1.072
T C2n - - - - 24 1.778
ODP Leg 189 Hole 1171C 





Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
B C2n - - - - 26 1.945
T C2An.1n - - - - 31.75 2.581
B C2An.1n - - - - 34.5 3.032
T C5n.1n - - - - 80 9.786
B C5n.1n - - - - 82.5 9.937
T C5n.2n - - - - 83.5 9.984
B C5n.2n - - - - 107.75 11.056
T C5r.1n - - - - 109.5 11.146
B C5r.1n - - - - 113 11.188
T C5r.2n - - - - 123 11.592
T C5An.1n - - - - 129.75 12.049
B C5An.1n - - - - 130.6 12.174
T C5An.2n - - - - 133.4 12.272
B C5An.2n - - - - 134.5 12.474
T C5ACn - - - - 156 13.739
B C5ACn - - - - 159.35 14.07
T C5ADn - - - - 161.3 14.163
B C5Adn - - - - 167.2 14.609
T C6n - - - - 207.2 18.748
B C6n - - - - 223.5 19.722
ODP  Leg 145 Hole 887C 
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T S. curvirostrix 2-CC 13.8 3-CC 23.3 18.55 0.339
Tc A. oculatus 6-CC 51.8 7-CC 61.3 56.55 1.083
B S. curvirostris 9-CC 74.3 10-CC 83.8 79.05 1.953
Tc N. kamtschatica 10-CC 83.8 11-CC 93.3 88.55 2.632
B T. oestrupii 17-CC 150.3 18-CC 159.8 155.05 5.486





ODP Leg 145 Hole 887C (continued)
Datum Core-Section, Interval (cm) Depth (m) Core-Section, Interval (cm) Depth (m) Midpoint (m) Age (Ma)
T T. miocenica 19-CC 169.3 20-CC 178.8 174.05 6.170
B T. miocenica 20-CC 178.8 21-CC 188.3 183.55 6.560
B N. kamtschatica 22-CC 197.8 23-CC 207.3 202.55 7.896
Tc D. hustedtii 23-CC 207.3 24-CC 216.8 212.05 8.791
T D. dimorpha 23-CC 207.3 24-CC 216.8 212.05 8.791
B T. robusta 24-CC 216.8 25-CC 223.3 220.05 9.672
B D. dimorpha 24-CC 216.8 25-CC 223.3 220.05 9.672
T M. splendida 26-7, 21 235.5 26-CC 235.8 235.65 11.666
B S. barboi 27-3, 21 239 27-6, 21 243.5 241.25 12.424
Bc D. hustedtii 27-6, 21 243.5 27-CC 245.3 244.4 12.986
B D. hustedtii 27-CC 245.3 28-CC 254.8 250.05 13.960
B D. hyalina 27-CC 245.3 28-CC 254.8 250.05 13.960





FIRST AND LAST OCCURRENCES OF GLOBOCONELLA SPECIES  
 This appendix contains tables of the calculated first and last occurrences of 
globoconellid species and their globorotalid ancestors used in Chapter 4 based on the age 
models presented in Appendix I. First and last occurrences were calculated as the 
midpoint between the sample where the species occurred and the sample stratigraphically 
above that did not contain the datum species was used as the last occurrence. Likewise, 
the midpoint between the sample that did not contain the datum species and the sample 
stratigraphically above that did contain the datum species was used as the first occurrence 
of that species. The location of the first and last occurrence of the species is given in 
standard International Ocean Discovery Program notation, except the interval is the 
midpoint in centimeters of the sample. 
 In the tables, the depth and age of the sample stratigraphically above (for last 
occurrences) or stratigraphically below (for last occurrences) that did not contain the 
species was used to calculate age and depth error. In holes or sites where there was an 
unobserved first or last occurrence of a species due to a disconformity or end of the 
section, ‘End of section’ has been included in the table to indicate so, thus the calculated 
age and age error of that occurrence should be interpreted with caution. Where there was 
no first or last occurrence of the species but the site or hole was used for the former or 
latter, - were used to indicate no data. Last occurrences of Globoconella inflata were not 
recorded as this species is still extant and a disappearance from the top of the section 
could indicate a temporary migration out of the region rather than a true regional 




range of the age models, and thus the earliest (for first occurrences) or latest (for last 





Globorotalia zealandica  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
29 281 12-3, 20 105.70 12-3, 100 106.50 106.10 0.80 15.365 0.218
40 360 23-CC 342.00 24-2, 13 356.63 349.31 14.63 18.579 1.130
72 516 26-2, 50 110.10 26-3, 60 111.70 110.90 0.80 18.710 0.034
90 588C 3-CC 334.50 4-CC 344.10 339.30 4.80 16.975 1.370
90 588A - - - - - - - -
90 590B 53-CC 498.85 End of section - - 22.82* -
90 592 31-3, 90.5 286.81 31-CC 290.54 288.67 3.74 17.148 0.429
90 593 - - - - - - - -
120 747A 10-CC 94.51 11-2, 50 96.50 95.51 0.99 17.500 0.246
130 806B 56-4, 32 526.11 56-CC 527.14 526.63 1.03 15.647 0.041
181 1123C 516.96 17.24 22-CC 527.06 522.01 10.10 17.528 0.508
181 1123B - - - - - - - -
189 1171C 21-CC 190.11 22-CC 198.93 194.52 8.82 17.436 0.913
Globorotalia zealandica  Last Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
29 281 11-CC 102.50 11-4, 20 97.70 100.10 4.80 13.733 1.251
40 360 23-3, 94 339.94 22-CC 336.00 337.97 3.94 17.791 0.278
72 516 22-2, 110 93.10 22-1, 110 91.60 92.35 0.75 18.315 0.032
90 588C - - - - - - - -
90 588A 16-CC 325.20 15-CC 315.60 320.40 4.80 15.287 0.600
90 590B 50-CC 464.77 49-CC 457.99 461.38 6.78 16.896 0.617
90 592 31-3, 90.5 286.81 30-CC 281.40 284.10 5.41 16.624 0.620
90 593 44-CC 416.73 43-CC 407.25 411.99 9.48 16.921 1.703
120 747A 9-5, 51.5 80.61 9-4, 51.5 79.11 79.86 0.75 14.903 0.130





Globorotalia zealandica  Last Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
181 1123C - - - - - - - -
181 1123B 47-CC 436.96 46-CC 428.36 432.66 8.60 12.722 0.191
189 1171C 21-CC 190.11 20-CC 181.10 185.61 4.51 16.513 0.932
Globorotalia praescitula  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
18 173 25-4, 16 228.16 25-4, 53 229.03 228.595 0.44 12.896 0.010
40 360 23-3, 94 339.94 23-CC 355.00 347.47 15.06 18.451 1.046
40 362 37-CC 624.95 38-1, 59 644.89 634.92 19.94 17.723 1.309
72 516 26-3, 60 110.70 27-1, 70 113.20 111.95 1.25 18.733 0.053
82 563 - - - - - - 18.740 -
90 592 31-CC 290.45 32-3, 90.5 296.41 293.43 5.95 17.693 0.683
90 593 45-3, 90.5 421.81 End of section - - 17.781 -
94 608 38-CC 357.23 39-CC 364.00 360.615 6.77 18.581 0.533
181 1123B 21-CC 516.96 22-CC 527.06 522.01 10.10 17.528 0.508
41 369A 12-CC 156.00 13-1, 63 157.03 156.515 1.03 18.977 0.135
85 572D 30-CC 433.80 31-CC 444.35 439.08 5.28 14.167 0.566
90 588C 3-CC 334.50 4-CC 344.10 339.3 4.80 16.975 1.370
120 747A 11-CC 104.33 12-2, 50 106.00 105.165 0.83 18.434 0.122
130 806B 63-2, 31 590.80 63-5, 41 595.40 593.1 4.60 18.545 0.282
159 959A 23-3, 62 211.20 End of section - - - 16.242 -
198 1208A 33-CC 303.94 34-2-78 307.88 305.91 1.970 13.392 0.288









Globorotalia praescitula  Last Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
18 173 21-4, 53 191.03 21-2, 16 187.66 189.35 1.69 12.437 0.158
40 360 20-1, 103 280.03 19-CC 279.00 279.52 1.03 11.773 0.012
40 362 36-3, 59 600.09 35-CC 596.50 598.30 3.59 14.872 0.261
72 516 18-1, 90 73.80 17-3, 110 72.60 73.20 0.60 17.893 0.027
82 563 - - - - - - - -
90 592 29-3, 90.5 267.61 28-CC 263.47 265.54 4.13 14.493 0.474
90 593 36-CC 336.84 35-CC 327.90 332.37 8.94 11.330 0.561
94 608 34-CC 318.88 33-CC 303.90 311.39 14.98 14.392 0.868
181 1123B 51-CC 479.60 50-CC 468.60 474.10 11.00 14.475 0.938
41 369A - - - - - - - -
85 572D 30-CC 433.80 29-CC 423.94 428.87 9.86 13.620 0.529
90 588C 1-CC 315.30 End of section - - - 13.550 -
120 747A 7-4, 3 61.03 7-2, 99 58.99 60.01 2.04 11.758 0.404
130 806B 51-5, 36 479.65 51-2, 30 475.09 477.37 4.56 13.710 0.179
159 959A 18-2, 60 159.10 18-1, 60 157.60 158.35 1.50 10.972 0.127
198 1208A 33-5, 78 302.68 33-4-75 301.15 301.915 0.765 12.808 0.112
- - - - - - -
Globoconella miozea  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
18 173 27-CC 252.50 28-2, 16 254.16 253.33 0.83 13.513 0.051
40 360 22-CC 336.00 23-3, 94 339.94 337.97 3.94 17.791 0.278
40 362 36-CC 615.50 37-2, 59 618.04 616.77 2.54 16.311 0.199
41 366A 11-6, 62 99.62 11-6, 65 99.65 99.635 0.03 9.776 0.002







Globoconella miozea  First Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
82 558 - - - - - - 17.530 -
85 572D 23-CC 369.33 24-CC 378.50 373.92 4.585 11.804 0.039
90 588 16-CC 325.20 17-1, 40.5 325.61 325.4025 0.20 15.599 0.025
90 588C - - - - - - - -
90 590B 50-CC 464.77 51-CC 479.58 472.175 14.81 17.770 0.809
90 592 30-CC 281.40 31-3, 90.5 286.81 284.10 5.41 16.624 0.620
90 593 44-CC 416.73 45-CC 427.39 422.06 10.66 17.784 0.133
120 747A 9-6, 42 82.01 9-8, 42 85.01 83.51 1.50 15.539 0.705
130 806B 58-2, 34 542.33 58-5, 37 546.86 544.595 4.53 16.353 0.178
159 959B 19-3, 58.5 174.20 19-4, 57.5 175.70 174.95 1.50 13.421 0.408
181 1123B 20-CC 506.40 21-CC 516.96 511.68 10.56 16.562 0.966
198 1208A 34-2, 78 307.88 34-3-78 309.38 308.63 0.75 13.789 0.110
Globoconella miozea  Last Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
18 173 18-CC 167.00 18-5, 53 164.03 165.52 1.48 8.644 0.087
40 360 1-1, 31 79.81 End of section 4.925 -
40 362 14-CC 178.50 13-CC 159.50 169.00 19.00 5.294 0.203
41 366A 11-2, 62 93.62 11-1, 103 92.53 93.08 1.09 9.363 0.069
72 516 17-1, 70 69.20 16-3, 30 67.40 68.30 0.90 17.785 0.040
82 558 - - - - - - 14.160 -
85 572D 19-CC 325.56 18-CC 320.99 323.28 4.57 11.591 0.019
90 588 - - - - - - - -
90 588C 1-CC 315.30 End of section - - - 13.550 -
90 590B 48-CC 450.90 47-CC 441.26 446.08 9.64 15.439 1.040
90 592 29-3, 90.5 267.61 28-CC 263.47 265.54 4.13 14.493 0.474





Globoconella miozea  Last Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
120 747A 8-2, 55 68.05 7-CC 66.23 67.14 1.82 13.379 0.564
130 806B 47-CC 443.00 47-5, 35 442.44 442.72 0.56 12.634 0.017
159 959B 154.1 10.61 17-4, 60 152.60 153.35 1.50 10.550 0.133
181 1123B 51-CC 479.60 50-CC 468.60 474.10 11.00 14.475 0.938
198 1208A 32-6, 78 294.88 32-5-78 293.38 294.13 0.75 12.161 0.031
Globoconella miotumida  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
24 236 12-3, 61 105.11 12-5, 96 108.46 106.79 1.68 8.353 0.163
26 253 8-CC 74.50 9-1, 71 76.21 75.36 1.71 17.630 0.800
29 281 10-3, 50 87.00 10-4, 106 89.06 88.03 2.06 10.826 0.492
40 360 20-CC 298.00 21-3, 83 301.83 299.92 3.83 13.144 0.430
40 362 34-CC 577.50 35-3, 59 582.59 580.05 5.09 13.600 0.297
72 516 15-1, 50 60.20 15-1, 110 60.80 60.50 0.30 13.878 0.523
90 587 13-CC 103.60 End of section - 103.60 - 10.449 -
90 588 25-CC 236.00 End of Section - 236.00 - 9.402 -
90 591 31-CC 282.83 End of section - - - 7.655 -
90 592 26-CC 244.25 28-CC 263.47 253.86 19.22 13.362 1.387
90 593 41-CC 388.98 42-4, 7 393.67 391.33 4.69 13.438 0.148
90 594 - - - - - - - -
94 608 26-CC 241.10 End of section - - 11.274 -
181 1123B 46-CC 428.40 47-CC 436.96 432.68 8.56 12.722 0.190
189 1171C 12-CC 109.92 13-CC 115.72 112.82 5.80 11.186 0.147
198 1209A 11-1, 78 94.48 End of section - - 7.161 -
198 1207A 18-2, 128 159.57 18-4, 79 162.08 160.83 2.51 12.214 0.180





Globoconella miotumida  First Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
85 572D 11-CC 255.63 12-CC 261.75 258.69 3.06 9.992 0.115
90 590A - - - - - - - -
90 590B 47-CC 441.26 48-CC 450.90 446.08 9.64 15.439 1.040
120 747A 5-2, 50 39.50 5-4, 50 42.50 41.00 1.50 7.992 0.879
Globoconella miotumida  Last Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
24 236 10-3, 84 86.34 9-4, 69 78.19 82.27 4.08 7.162 0.396
26 253 2-5, 41 15.41 2-4, 41 13.91 14.66 1.50 4.305 0.358
29 281 3A-CC 39.00 3A-2, 135 38.85 38.93 0.15 3.457 0.011
40 360 1-CC 89.00 1-1, 31 79.81 84.41 9.19 5.075 0.299
40 362 17-4, 59 223.09 16-CC 216.50 219.80 6.59 5.483 0.019
72 516 4-3, 100 15.30 4-2, 100 13.80 14.55 0.75 2.384 0.383
90 587 6-2, 85.5 43.57 6-1, 85.5 42.36 42.96 0.61 3.941 0.191
90 588 9-4, 90-91 78.21 9-3, 40.5 76.21 77.21 1.00 4.145 0.035
90 591 20-1, 27.5 174.58 19-CC 174.13 174.58 0.44 5.056 0.022
90 592 7-CC 59.63 6-CC 52.05 55.84 7.58 3.655 0.056
90 593 8-CC 63.86 7-CC 62.22 63.04 1.64 3.638 0.020
90 594 20-3, 90.5 182.61 19-CC 178.42 180.51 4.19 4.402 0.122
94 608 19-CC 174.09 18-CC 164.47 169.28 9.62 7.458 0.623
181 1123B 20-CC 182.00 19-CC 172.30 177.15 9.70 4.987 0.312
189 1171C 6-CC 57.45 5-CC 47.86 52.66 4.80 5.727 1.424
198 1209A 6-3-78 49.97 6-3-16 49.36 49.67 0.61 3.058 0.058
198 1207A 8-1-28 62.07 7-CC, 20.5 61.82 61.95 0.25 3.434 0.008
198 1208A 17-3, 76 150.96 17-2-76 149.46 150.21 0.75 3.401 0.022





Globoconella miotumida  Last Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
90 590A 11-CC 131.73 10-CC 121.25 126.49 10.48 3.919 0.162
90 590B - - - - - - - -
120 747A 5-1, 50 38.00 4-CC 37.83 37.92 0.17 7.088 0.050
Globoconella conomiozea  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf) Sample ID
Core-Section, 
Interval (cm) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
29 281 5-CC 40.50 6-2, 45 50.45 45.48 9.95 3.918 0.701
40 360 8-3, 109 150.09 8-CC 155.50 152.80 5.41 8.771 0.077
40 362 21-3, 59 297.59 21-CC 311.50 304.55 13.91 6.444 0.251
72 516 14-1, 70 56.00 14-2, 70 57.50 56.75 0.75 9.670 0.860
90 588 16-4, 40.5 144.76 16-CC 149.60 147.18 2.42 6.868 0.156
90 591 23-3, 90.5 206.61 23-CC 212.02 209.31 5.42 5.551 0.049
90 592 17-3, 90.5 152.41 17-CC 156.85 154.63 4.44 8.339 0.232
90 593 19-CC 177.82 20-CC 187.15 182.49 9.33 6.118 0.525
90 594 21-3, 90.5 192.21 21-CC 197.45 194.83 5.24 4.818 0.152
94 608 18-CC 164.67 19-CC 174.09 169.38 9.42 7.464 0.610
181 1123B 26-2, 32.5 249.99 - - - - 6.764 -
189 1171C 7-CC 67.13 8-CC 75.33 71.23 8.20 8.484 1.217
198 1207A 11-3, 78 94.07 11-4, 78 95.58 94.83 1.51 4.915 0.063
198 1208A 21-2, 78 187.48 21-3, 78 188.98 188.23 0.75 4.753 0.033
198 1209A 8-3, 28 68.47 8-3, 61 68.81 68.64 0.34 4.341 0.034





Globoconella conomiozea  Last Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
29 281 3A-2, 135 38.85 3A-2, 20 37.70 38.28 1.15 3.411 0.081
40 360 2-1, 88 90.28 1-CC 89.00 89.64 1.28 5.245 0.042
40 362 19-CC 273.50 19-3, 59 258.49 266.00 15.01 5.748 0.271
72 516 4-3, 100 15.30 4-2, 100 13.80 14.55 0.75 2.384 0.383
90 588 12-CC 111.20 11-CC 101.60 106.40 4.80 5.541 0.312
90 591 20-CC 183.70 20-6, 27.5 182.08 183.70 1.63 5.322 0.015
90 592 10-2, 90.5 83.71 10-1, 90.5 82.21 82.96 1.5 3.857 0.011
90 593 14-CC 129.57 13-CC 119.88 124.73 9.69 4.252 0.260
90 594 20-CC 185.76 20-3, 90.5 182.61 184.18 3.16 4.509 0.092
94 608 15-CC 140.67 15-3, 121 136.01 138.34 4.66 5.454 0.302
181 1123B - - - - - - 4.380 -
189 1171C 6-CC 57.45 5-CC 47.86 52.66 4.80 5.727 1.424
198 1207A 8-1, 28 62.07 7-CC, 20.5 61.82 61.95 0.25 3.434 0.008
198 1208A 17-5, 78 153.98 17-4, 79 152.49 153.24 0.74 3.490 0.022
198 1209A 6-4, 128 51.97 6-4, 106 51.76 51.865 0.21 3.281 0.022
90 590A 17-CC 187.49 16-CC 177.45 182.47 10.04 4.142 0.263
Globoconella sphericomiozea  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
29 281 5-CC 40.50 6-2, 45 50.45 45.48 9.95 3.918 0.701
72 516 12-CC 50.90 13-1, 91 51.80 51.35 0.45 7.381 0.241
90 588 9-6, 40.5 80.65 9-CC 82.40 81.53 0.88 4.249 0.055
90 591 22-CC 201.55 23-3, 90.5 206.61 204.08 5.05 5.504 0.045
90 592 12-CC 110 13-CC 118.47 114.24 8.47 4.089 0.063
90 593 16-CC 148.73 17-CC 158.45 153.59 9.72 5.050 0.269





Globoconella sphericomiozea  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
181 1123B 19-7, 0-5 201.59 - - - - 5.709 -
90 590A 18-3, 90.5 193.31 18-4, 90.5 194.81 194.06 1.50 5.684 0.039
120 747A 4-6, 50 36.00 4-CC 37.83 36.92 0.91 6.795 0.536
Globoconella sphericomiozea  Last Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
29 281 5-CC 40.50 5-1, 20 36.20 38.35 4.30 3.416 0.303
72 516 10-2, 61 39.81 10-1, 61 38.30 39.06 0.76 5.263 0.028
90 588 9-6, 40.5 80.56 9-4, 90.5 78.21 79.38 1.18 4.191 0.055
90 591 20-1, 27.5 174.58 19-CC 174.13 174.58 0.44 5.056 0.022
90 592 11-CC 98.75 11-3, 90.5 94.81 96.78 3.94 3.959 0.029
90 593 13-CC 119.88 12-CC 110.47 115.18 9.41 4.088 0.078
90 594 11-3, 90.5 96.21 10-CC 85.08 90.64 11.13 0.945 0.116
181 1123B 20-4, 85.5 177.65 19-CC 172.30 174.98 5.35 4.937 0.170
90 590A 17-CC 187.49 16-CC 177.45 182.47 10.04 4.141 0.263
120 747A 4-5, 50 34.50 4-4, 50 33.00 33.75 1.50 5.867 0.440
Globoconella puncticulata  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
18 173 14-2, 101 122.01 14-CC 129.00 125.51 3.49 3.770 2.470
29 281 4-CC 30.25 5-1, 20 36.20 33.23 5.95 3.055 0.419
40 362 17-CC 235.50 18-3, 59 239.44 237.47 3.94 5.534 0.011
72 516 9-2, 100 31.40 9-3, 100 32.90 32.15 0.75 5.134 0.028
90 587 6-5, 85.5 48.06 6-6, 54.5 49.25 48.65 0.59 4.838 0.188
90 588 9-6, 40.5 80.65 9-CC 82.40 81.53 0.88 4.249 0.055





Globoconella puncticulata  First Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
90 592 11-CC 98.75 12-3, 90.5 104.41 101.58 5.66 3.995 0.042
90 593 13-CC 119.88 14-CC 129.57 124.725 9.69 4.252 0.260
90 593 18-CC 167.75 19-CC 178.42 173.09 10.67 4.186 0.396
94 608 14-1, 121 123.41 14-3, 121 126.41 124.91 3.00 4.584 0.194
94 609 29-1, 123 266.23 29-3, 119 269.19 267.71 1.48 4.538 0.055
181 1123B 19-7, 0-5 186.41 - - - - 5.278 -
189 1171C 6-CC 57.45 7-CC 67.13 62.29 9.68 7.157 1.437
198 1207A 11-2, 78 92.57 11-2, 128 93.07 92.82 0.50 4.821 0.025
198 1208A 20-7, 78 185.48 20-CC 185.49 185.49 0.01 4.632 0.000
198 1209A 6-4, 128 51.97 6-5-78 52.97 52.47 1.00 3.326 0.067
41 366A 6-CC 53.50 7-1, 62 54.42 53.96 0.92 3.980 0.030
90 590A 17-CC 187.49 18-3, 90.5 193.31 190.40 5.82 5.589 0.152
120 747A 4-2, 50 30.00 4-3, 50 31.50 30.75 0.75 4.988 0.440
159 959B 6-4, 60 48.09 6-5, 60 49.59 48.84 1.50 3.652 0.021
Globoconella puncticulata  Last Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
18 173 4-2, 53 26.53 4-1, 51 25.01 25.77 0.76 0.993 0.055
29 281 2-5, 20 13.70 2-4, 20 12.20 12.95 1.50 1.460 0.172
40 362 7-3, 59 98.09 6-CC 93.00 95.55 5.09 2.363 0.049
72 516 5-1, 131 17.01 4-3, 100 15.30 16.16 0.86 2.794 0.437
90 587 2-3, 6.5 6.17 2-2, 15.5 4.76 5.46 0.71 0.095 0.025
90 588 6-1, 40.5 44.41 5-CC 44.00 44.20 0.20 3.444 0.030
90 591 14-3, 90.5 122.21 13-CC 118.07 122.21 4.14 4.113 0.094
90 592 8-3, 90.5 66.01 7-CC 59.63 62.82 6.37 3.707 0.047





Globoconella puncticulata  Last Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf)
Core-Section, 
Interval (cm) Depth (mbsf) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
90 593 9-3, 90.5 77.01 8-CC 65.00 71.00 12.01 0.740 0.125
94 608 6-CC 54.55 5-CC 45.02 49.79 9.53 1.735 0.301
94 609 17-CC 159.31 16-CC 149.31 154.31 10.00 2.302 0.162
181 1123B 12-CC 110.80 11-CC 101.10 105.95 9.70 2.940 0.464
189 1171C 4-CC 37.66 3-CC 28.39 33.03 4.64 2.790 1.292
198 1207A 3-3, 28 17.57 3-2, 128 17.07 17.32 0.50 1.123 0.046
198 1208A 8-3, 76 65.46 8-1, 76 62.46 63.96 1.50 1.268 0.036
198 1209A 2-1, 128 9.47 2-1, 78 8.98 9.23 0.49 0.639 0.034
41 366A 2-CC 15.50 2-6, 69 14.69 15.10 0.81 0.892 0.043
90 590A 8-3, 90.5 97.31 7-CC 92.82 95.06 4.49 3.742 0.025
120 747A 1-3, 50 3.50 Top of section - - 0.542 -
159 959B 4-4, 60 29.09 4-3, 60 27.59 28.34 1.50 2.415 0.025
Globoconella inflata  First Occurrences
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf) Sample ID
Core-Section, 
Interval (cm) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
18 173 9-4, 79 77.50 9-6, 53 80.29 78.90 1.40 2.086 0.035
24 231 7-1, 91 45.91 7-3, 71 47.91 46.91 1.00 1.654 0.023
24 236 2-1, 139 7.89 3-2, 73 18.23 13.06 5.17 1.174 0.882
24 237 7-5, 61 60.61 8-2, 61 65.61 63.11 2.50 4.485 0.207
26 253 1-CC 8.25 2-1, 41 9.41 8.83 1.16 2.891 0.285
29 281 3-2, 20 18.70 3-2, 100 19.50 19.10 0.80 2.071 0.055
40 362 9-3, 59 115.89 9-CC 121.50 118.70 5.61 3.735 0.979
72 516 4-3, 100 15.30 5-1, 100 16.70 16.00 0.70 2.755 0.358
90 587 5-CC 41.50 6-1, 85.5 42.36 41.93 0.43 3.778 0.135
90 588 7-4, 40.5 58.51 7-5, 94.5 60.40 59.45 0.95 3.830 0.034








Globoconella inflata  First Occurrences (continued)
Leg Site/Hole 
Core-Section, 
Interval (cm) Depth (mbsf) Sample ID
Core-Section, 
Interval (cm) Midpoint (m) Depth Error (±m) Age (Ma) Age Error (±Ma)
90 592 8-3, 90.5 66.01 8-CC 70.96 68.48 4.96 3.749 0.037
90 593 9-CC 78.55 11-3, 90.5 95.41 86.98 16.86 3.855 0.139
90 594 8-CC 65.00 9-3, 90.5 77.01 71.00 12.01 0.740 0.125
94 608 5-CC 45.02 6-CC 54.55 49.79 9.53 1.735 0.301
94 609 16-CC 149.31 17-CC 159.31 154.31 5.00 2.302 0.162
181 1123 11-CC 101.10 12-CC 110.80 105.95 9.70 2.940 0.464
189 1171C 3-CC 28.56 4-CC 37.80 33.18 9.24 2.816 1.294
198 1207A 7-5, 128 59.57 7-6, 28 60.07 59.82 0.50 3.364 0.016
198 1208A 16-6, 76 145.96 16-7, 76 147.46 146.71 0.75 3.289 0.029
198 1209A 6-2, 128 48.97 6-2, 146 49.16 49.07 0.19 3.018 0.007
41 366A 4-4, 63 30.23 4-4, 65 30.25 30.24 0.02 2.172 0.002
90 590A 8-3, 90.5 97.31 8-CC 102.70 100.00 5.40 3.770 0.030
130 806B 3-2, 23 17.72 3-5, 23 22.22 19.97 4.50 0.976 0.166




APPENDIX M  
TOTAL RANGES OF GLOBOCONELLA SPECIES 
 
 The tables presented below are the total ranges of each species used in this study 
for each site and hole utilized. Ages of first and last occurrences are taken from Appendix 
L.  The range of Globorotalia praescitula at Tangakaka Stream in New Zealand reflects 
that the species could occur within the stippled section shown (see Appendix J for a more 
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